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INTRODUCTION: A STORM
FROM PARADISE

TECHNOLOGICAL INNOVATION;,
DIFFUSION AND SUPPRESSION

THE INFORMATION REVOLUTION AS HYPERBOLE

A Klee painting named ‘Angelus Novus’ shows an angel looking as
though he is about to move away from something he is fixedly
contemplating. His eyes are staring, his mouth is open, his wings are
spread. This is how one pictures the angel of history. His face is
turned towards the past. Where we perceive a chain of events, he sces
one single catastrophe which keeps piling wreckage upon wreckage
and hurls it in front of his feet. The angel would like to stay, awaken
the dead, and make whole what has been smashed. But a storm is
blowing from Paradise; it has got caught in his wings with such
violence that the angel can no longer close them. This storm
irresistibly propels him into the future to which his back is turned,
while the pile of debris before him grows skyward. This storm is what
we call progress.

(Benjamin 1969:257--8)

An image of history as something other than a progressive chain of events informs
this book. It is my contention that the received understanding of our current
technological situation, the view that we are living in the midst of an ‘Information
Revolution” or at the start of an ‘Information Age’, can be seen rather differently if
the histories of the technologies involved are considered. I am not necessarily
suggesting, with Walter Benjamin and Paul Klee, that if we take their view we will
agree that we are drowning in an ever-growing pile of debris; but I am agreeing
with them that, certainly, the storm of progress blows so hard as to obscure our
vision of what is actually happening. What is hyperbolised as a revolutionary train of
events can be seen as a far more evolutionary and less transforming process.

The suggestion that we are not in the midst of monumental and

increasingly frequent change in information (or better, communications)
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INTRODUCTION

technology runs so counter to our whole underlying philosophy of progress,
as well as the particular rhetoric of the ‘Information Revolution’ itself, that it
must surely be doubted by right-thinking people. But the position taken here,
rather, is that Western civilisation over the past three centuries has displayed,
and that it

despite enormous changes in detail, fundamental continuity
continues to do so.

The concept of the ‘Information Revolution’ is implicitly historical, for how

can one know that a situation has changed—has revolved—without knowing its
previous state or position? Even the notion of a ‘Digital Age’ (to take another
hyperbolic slogan) implicitly posits other preceding non-digital ages. It is
therefore apposite to offer a critique of these ideas which is itself grounded in the
past; in the historical circumstances surrounding the application of what may be
broadly termed ‘science’, especially the science of electricity, to the human
communication process.

Such an historical consciousness reveals the ‘Information Revolution’ to be
largely an illusion, a rhetorical gambit and an expression of technological
ignorance. The popular literature on these matters and the media resound with
visions of techno-glory or apocalypse, the same set of phenomena being the
source for both styles of pontificating. Curiously, more than a few supposedly
scholarly works, again both the technophiliac as well as the jeremiads, exhibit the
same traits—fervid but purblind imagination, unbalanced judgements and
unidimensional insights.

This is the background against which I shall argue more specifically that there
is nothing in the histories of electrical and electronic communication systems to
indicate that significant major changes have not been accommodated by pre-
existing social formations. The term ‘revolution’ is therefore quite the wrong
word to apply to the current situation. Indeed, it is possible to see in the
historical record not just a slower pace of change than is usually suggested but
also such regularities in the pattern of innovation and diffusion as to suggest a
model for all such changes. Repetitions can be seen across this diverse range of
technologies and across the two centuries of their development and diffusion.
Consider, for example, the ways in which ideas for devices occur, the importance
of science and general knowhow, the relationship of prototypes to ‘inventions’
and the balance of forces pushing and inhibiting the technologies. A model to
reflect these patterns implicitly suggests the primacy of the social sphere as the
site of these activities, conditioning and determining technological developments.
It allows us to go beyond a straightforward account of technological history to
pose more general questions about how the pattern of innovation and diffusion of
electrical and electronic communications illuminates the broader role played by

such technologies in our civilisation.



INTRODUCTION

MODELLING CHANGE

To do this, the model treats the historical pattern of change and development in
communications as a field (the social sphere) in which two elements (science and
technology) intersect.' The detailed relationship between the field and these
elements can be elucidated by reference to a conceptual figure, drawn from
Saussurian linguistics.

Utterance is, for Saussure, the surface expression of a deep-seated mental
competence. In Chomskyan terms, each utterance is a performance dependent on
this competence. By analogy, then, these communication technologies are also
performances but of a sort of scientific competence. Technology can be seen as standing
in a structural relationship to science. Technologies are, as it were, utterances of a
scientific language, performances of a scientific competence (Figure 1). The model
thus suggests that we view discrete communications technologies within the social
sphere as a series of performances (‘utterances’) by technologists in response to the
ground of scientific competence.

‘Science’ here is being used very broadly, more in line with its original meaning

of ‘acquaintance with or mastery of any department of learning’ rather than its

PERFORMANCE

Technology

PAST The FUTURE
social

sphere

Sciery
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Figure 1 Building the model: the social sphere



INTRODUCTION

modern sense of ‘a connected body of demonstrated truths’ or ‘observed facts
systematically classified’. The ground of scientific competence for these
communications technologies includes, for example, the centuries-old investigations
of electromagnetic phenomena and photokinesics.

The possibilities of using electricity for signalling, including photoelectric
phenomena, march, from the mid-eighteenth century on, virtually hand-in-hand
with the growth of the scientific understanding of electricity itself. Similarly, the
development of photography involved knowledge of the different effects light has
on various substances, a scientific agenda item from at least the Middle Ages on. The
propensity of certain solids to conduct sounds seems to have been known in ancient
times and was certainly a well-observed phenomenon by the late eighteenth
century. It is such knowledge and understandings that form the ground of scientific
competence which can then be transformed into technology. (All examples are
described more fully below.)

The first transformation—ideation—moves the technology from the ground of
scientific competence up to the level of technological performance (Figure 2). Its
effect is to activate the technologist. To continue with the linguistic metaphor, the

ideation transformation is akin to the processes whereby a transformation at the
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INTRODUCTION

level of competence takes place in the human brain, so that utterance, performance,
can be generated. Ideation occurs when the technologist envisages the device—gets
the idea, formulates the problems involved and hypothesises a solution. Those
mysterious mental forces—creativity, intuition, imagination, ‘the will to think’—
are subsumed by ideation as are the general constraints of culture and the limits
imposed by social forces of all kinds on the technologist’s mind.

Although the technological idea will be grounded in scientific competence, it
will not necessarily relate directly to science any more than a conscious
understanding of linguistic competence is needed to generate utterance. Rather, just
as in language a formal understanding of the deep structure of linguistic
competence is not a prerequisite of utterance, so too a lack of formal scientific
competence is no bar to technological performance. But the technologist will, at
some level, have absorbed the science; just as a speaker, at some level, has absorbed
grammar.

A German thought of the telegraph in the last years of the eighteenth century,
three decades before the first working device. A Frenchman hypothesised the
telephone in 1854, more than 20 years before Bell. The idea of television, which
depended on the identification of the phenomenon of photoemission (i.e. that
certain metals produce electrons when stimulated by light) was suggested in 1877.
Bell Laboratory workers began worrying about the transistor in the 1930s when
solid state amplifiers had already been envisaged for a decade. Some of these
thinkers went on to test their ideas ‘in the metal’; many did not. But more often
than not their work was known to those who set about building devices.

Ideation transforms the processes of science into the testing of solutions—that
is, the building of devices which is the business of technological performance. This
will go on until the device is widely diffused and even beyond, as spin-offs and
refinements are developed. In the first stage the technologists begin to build devices
working towards fulfilling the plans which emerged from the ideation
transformation. The devices they now construct can be thought of as prototypes
(Figure 3).

However, we need to remember at this point once again that the technologist is
a social being and that all this is taking place within the social sphere. The social has
obviously informed the model thus far. The scientists conceptualising necessary
fundamental understandings are as much social beings, exponents of and prisoners
of the culture that produced them, as are the technologists who have ideas for
devices and build prototypes. Yet now it is important to consider the social in a less
general but more direct and concentrated way to answer some recurrent and basic
questions.

Why, for example, are some prototypes abandoned while others are not? Why
are some devices classed as ‘inventions’ when they did not work in significantly

better ways than did other devices classed as prototypes? Why are many ‘inventions’
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created more or less simultaneously by technologists who had no contact with each
other? The answers to such conundra are to be found in the operation of a second
transformation impacting on, and transforming, technological performance, this
time coming not so much from the (socially conditioned) minds of technologists as
from society itself. This transformation is, as it were, a concentration of the
generalised social forces which have hitherto been determining the process of
innovation. Now these generalised forces coalesce to function as a transforming
agency which T will call supervening social necessities (Figure 4). Just as ideation
worked upon the ground of scientific competence to create prototypes, so more
general supervening social necessities now work on these prototypes to move them
out of the laboratory into the world at large. In the nature of the case this second
transformation is more amorphous than the first. There is no limitation on the
forces that can act as supervening social necessities. They can range from the
objective requirements of changed social circumstances (such as the consequences
of the introduction of one technology forcing the development of another)

through to the subjective whims of perceived needs (such as the introduction of new

6



INTRODUCTION

TRANSFORMATION

PERFORMANCE

SUPERVENING
SOCIAL
Technology NECESSITY

FUTURE

PROTOTYPES

IDEATION

PAST

Science

COMPETEN
CE SOCIAL

SPHERE

Figure 4 Building the model: supervening social necessity

consumer technologies to fulfil essentially the same function as those filled by
previously diffused consumer technologies).

It is supervening social necessities of one kind or another which define the
various different sorts of prototypes discernible in the historical record and which
transform such prototypes into inventions. First, let us consider the four classes of
possible prototypes:

The prototype can be rejected because a supervening necessity has not yet
operated and no possible use for the device is seen. Ronalds’ demonstration of a
working telegraph in 1816 would be an example of this. The British naval
authorities, understanding that the semaphore was the only machine to use in long-
distance signalling, simply refused to acknowledge the superiority of his
electromagnetic technology. Nearly every technology has its Ronalds.

The prototype can be accepted because the early and incomplete operation of a
supervening necessity has created a partial need which the prototype partially fills.
The daguerreotype photographic process which was widely used in the mid-

nineteenth century is among the clearest examples of this accepted group. The
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efficiency of Hollerith punch-card calculators, introduced at the turn of the century
but made increasingly sophisticated in the years after the First World War, can be
said to have been so well accepted that the development of the electronic computer
was delayed.

Parallel prototypes: these will occur when the device which will become the
parallel prototype is already in existence solving another technological problem. Its
potential use for a secondary purpose is realised only after the operation of a
supervening necessity. Various laboratory contrivances existed in the last two
decades of the nineteenth century to demonstrate the validity of electromagnetic
wave theory by detecting the presence of radio waves. Distinguished physicists such
as Hertz and Lodge are associated with these demonstration machines. They were in
fact a species of radio but were not seen as such. Their existence is, however, of
importance in tracing the work of Marconi, Popov and others which led to radio.
The cathode ray tube, before Rozing, would be another example.

Finally, in this stage of technological performance, there can be partial
prototypes which are machines designed to perform effectively in a given area but
which do not. The telephonic apparatus developed by Reiss in the 1860s and,
arguably, Bell’s earliest machines were of this type. Baird and Jenkins’ mechanical
televisions were also partial prototypes.

These then are the four prototypes—rejected, accepted, parallel and partial (and
all the examples given are dealt with more fully below). This classification is
without prejudice to the efficacy of the devices. Except for partial prototypes which
simply did not work very well, the other three classes of prototype all work, more
rather than less. The degree of their subsequent diffusion, though, depends more on
the operation of the supervening necessity transformation than on their efficiency.
An accepted prototype is a device which effectively fulfils the potential of the
technology but, because the full power of the supervening necessity has not yet
been called into play, there is still room for development. The rejected prototype
might work just as well as the device eventually ‘invented’ but will achieve no
measure of diffusion because there is no externally determined reason for its
development. The parallel prototype is a similar case. The initial thrust of the
technology is directed towards purposes other than those which eventually emerge.
The effectiveness of this prototype in solving the problem for which it was
originally designed has nothing to do with its effectiveness as a device in the second
area. It is, in effect, a species of spin-off.

All these devices are then, as it were, impacted by those concentrations of social
factors I have designated as supervening social necessities. These too can themselves
be roughly classified into three sub-types:

The least difficult class of supervening social necessity to discern is that
occasioned by the consequences of other technological innovation. For instance, it

was the railway which transformed telegraphic prototypes into a widely diffused
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technology. Before railways, as Ronalds discovered, there was no demonstrable need
for such devices. Single-track systems, however, required, as an urgent matter of
safety, instantaneous signals. Similarly, the radio came into its own with the
development of the ironclad battleship. With these, for the first time, naval battle
plans called for ships to steam out of sight of one another, thus rendering the
traditional signalling methods useless.

A concentration of social forces working directly on the processes of innovation,
rather than being, as with the first sub-type, mediated through another technology,
constitute a second, more difficult to discern, group of supervening necessities. The
rise of the modern business corporation created today’s office, the architecture of
the building which houses it and the key machines—telephone, typewriter and
calculator—which make it function. In the middle decades of the nineteenth
century the possibility of the limited liability company was established for the first
time in law. The legal development of the modern corporation thus, in this sense,
engenders telephony. In the same way, the growing urban mass impacts on the
technologies of print, photography, cinematography and then on the electronic mass
media as [ shall show below.

Strictly commercial, as opposed to these sorts of social, needs for new products
and other limited marketing considerations would form a third type of necessity—
less certain in guaranteeing diffusion and producing less significant innovation than
either the consequences of social change or the effects of other technological
advances. Super 8mm film, Polaroid movies, 16 rpm records and the CD can stand

for the host of devices to which commerce makes us heir under this rubric.

‘INVENTION’

The action of a supervening necessity does not account for the entire development
and reception of a technology. Rather it transforms the circumstances in which the
technologist labours creating fertile ground for innovation. It follows from this that
there must be the possibility of a fifth class of ‘prototype’, as it were, one which is
either synchronous with or subsequent to the operation of a supervening necessity.
The production of such machines is the business of further technological
performance and leads to what is commonly called the ‘invention’. So within the
laboratory the work continues as it did in the prototype stage but the supervening
necessity transformation means the devices now produced are inventions (Figure 5).

Since the difference between such devices and the previous group of
prototypes is the operation of a widespread transformation (social necessity), it is
likely, and history reveals common, that such creations will occur in a number of
places synchronously. The telephone is but the most extreme example of this

because Bell and his rival Gray filed patents for a speaking electric telephone on the very
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same February day in 1876. Since they were both responding to the same social
necessity (the rise of the modern corporation and its office) there is thus no
mystery in the synchronicity of this communication invention—mnor indeed of any
other.

The suggestion here is that the distinction between prototype and ‘invention’ is
far less clear-cut than is often supposed to be the case. Given that arguments about
innovation are quite frequently resolved in court, there is a tendency for the victors
in such cases to obscure the failings of their own technologies with as much public
relations hyperbole as they can muster even as they denigrate the strengths of their
rivals’ ideas and machines. Again, the telephone is a good case in point. Its early
history is of endless court battles in which the rival prototypes were subjected to
very thorough drubbings at the hands of Bell’s lawyers, exactly because Bell’s
patented apparatus did not really work. It is possible that at least some of these
other devices were as close or as far from the speaking telephone as was Bell’s.

This stage in the model will be designated technological performance—invention. Of
all the stages, this is the best known. Herein are to be found all the heroes of
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INTRODUCTION

communication technology’s Hall of Fame—Reiss, Rosen and Hoff, Mauchly and
Eckert, Baran, Gabor and the rest.

The invention now moves into the market place. Yet acceptance is never
straightforward, however ‘needed’ the technology. As a society we are
schizophrenic about machines. On the one hand, although perhaps with an
increasingly jaundiced eye, we still believe in the inevitability of progress. On the
other hand we control every advance by conforming it so that it ‘fits’ to pre-
existing social patterns. The same authorities and institutions, the same capital, the
same research effort which created today’s world is also trying to create
tomorrow’s. A technologically induced hara-kiri on the part of these institutions,
whereby a business ‘invents’ a device which puts it out of business, is obviously
impossible. But what is equally true, although less obvious, is the difficulty of
inventing something to put other businesses out of business; and the bigger the
threatened business the more difficult it is. Progress is made while going down the
up escalator (or, as optimists might argue, up the down). This jerky advance into the
future can be seen constantly repeated in communications history. Its daily cavorting
can be read in the trade press. It is theorised by historians such as Fernand Braudel
as a conflict between historical ‘brakes’ and ‘accelerators’ being applied to
technological progress: ‘First the accelerator, then the brake: the history of
technology seems to consist of both processes, sometimes in quick succession: it
propels human life onward, gradually reaches new forms of equilibrium on higher
levels than in the past’ (Braudel 1981:430).

In this model, the ‘accelerator’ is the supervening social necessity transforming
the prototype into an ‘invention’ and pushing the invention out into the world—
causing its diffusion. But there is also a ‘brake’: this operates as a third
transformation, wherein general social constraints coalesce to limit the potential of
the device radically to disrupt pre-existing social formations. I will refer to this
particular ‘concentration’ of determining social factors as the ‘law’ of the suppression
of radical potential (Figure 6).

Understanding the interaction of the positive effects of supervening necessity
and the brake of the ‘law’ of the suppression of radical potential is crucial to a
proper overview of how communications technologies develop. Constraints operate
to slow the rate of diffusion so that the social fabric in general can absorb the new
machine and essential formations such as business entities and other institutions can
be protected and preserved. Such a pattern, far from atrophying in the face of
supposedly revolutionary change, persists. If anything, there has been a significant
diminution in the cut-throat nature of the market place because the desire for stable
trading circumstances, coupled with external restrictions and monopolistic
tendencies, works to contain the crudest manifestations of the profit motive.

Two caveats must be entered as to the chosen designation of this third and

crucial transformation. Beyond the proper and necessary caution required when
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Figure 6 Building the model: suppression of radical potential

postulating historical laws, ‘law” here is apostrophised to indicate that although the
phenomenon under discussion can be found in the histories of all telecommunications
technologies it is not so regular as always to manifest itself in the same form with
equal force at the same point of development. It is recurrent enough to be a ‘law’ but
not certain enough in its operation to be a law. Thus it is not a law, a universal

hypothesis, in the Hempelian sense in that it does not assert that:

In every case where an event of a specified kind C occurs at a certain
place and time, an event of a specified kind E will occur at a place and
time which is related in a specified manner to the place and time of the

occurrence of the first event.

(Hempel 1942:35)

Second, suppression must be read in a particular way. As Lewis Carroll said,
suppression is ‘rather a hard word’. Here it is not meant to convey the idea of
overt authoritarian prohibition or to indicate the presence of any form of
conspiracy, conscious or unconscious; rather suppression is used in the more
scientific senses given by the OED, i.e.: ‘to hinder from passage or discharge; to
stop or arrest the flow of; (in Botany) absence or non-development of some part
or organ normally or typically present’. It is possible that even with these caveats

the word is still too ‘hard’ to cover the sense of a technology’s potential simply
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being dissipated by the actions of individuals and institutions. However a mere
‘tendency’ towards dissipation or retardation would be too soft to convey the
strength of the forces at work.

The most obvious proof of the existence of a ‘law’ of suppression of radical
potential, then, is the continuation, despite the bombardments of technology, of all
the institutions of our culture in forms subject to alteration but not revolutionary
change. To many, such changes as have occurred loom very large; but any sort of
informed historical vision creates a more balanced picture of their true size and
scope. It is the ‘law’ of suppression that ensures any new communications
technology takes decades to be diffused.

Let me just add that the ‘law’ of suppression is conceived of as being far more
powerful than the concept of ‘development cycles’ determining, through an
examination of business alone, the factors and time involved in diffusing an
innovation. It secks to capture a far wider set of phenomena, which work in the
broadest possible way to ensure the survival, however battered, of family, home and
workplace, church, president and queen, and above all, the great corporation as the
primary institution of our society. To offer one specific example, it is the ‘law’ of
suppression which led the British Government in 1997 to ignore digital television’s
potential as a means of providing a new high definition 1000+ line standard. Instead
it licensed the technology to established industrial entities, including, in effect, the
comparative newcomer satellite broadcaster as well as the old terrestrial players.
The ‘law’ was at work to stabilise the sector by both constraining the radical
potential of the latest development and, at the same, bringing the exploiters of the
previous ‘new thing’ into the fold.

This does not in any way mean that the technologists cease to produce devices.
On the contrary, supervening necessity has transformed prototype into invention
and supervening necessity now, despite the operation of the ‘law’ of suppression,
continues to encourage technological performance in the form of production,
spinoffs and redundancies. There follows a struggle, as it were, between the
accelerator or the push of supervening social necessity and the brake or the pull of
the ‘law’ of suppression. This conflict governs the nature and pace of the diffusion
of the technology (Figure 7). Supervening social necessity guarantees that the
‘invention’ will be produced. The ‘law’ operates as a constraint on that production.
This final transformation thus occasions a tripartite phase of technological
pez{formance—production, spin—gﬁfs and redundant devices or redundancies, which reflects
the effects of the contradictions which are at work.

Of the three distinct activities covered in this stage, the least problematic is
that of production. The acceptance of the device is to a certain extent guaranteed
by the operation of the supervening necessity. Much attention has been paid by
economists to the symptomatic study of diffusion at both a macro and micro level

with the result that the most scholarly literature available on innovation is skewed away
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Figure 7 Building the model: diffusion

from the processes previously described in our model in favour of a concentration
on these production and marketing phases. The problems of moving prototypes into
production and marketing will therefore be peripheral to this study.

However, in the course of this movement the device can be modified, extended
or refined; alternative solutions can appear as rival technologies. Such developments
can themselves, as in the prototype phase, cither be accepted or rejected. If such a
development is accepted, diffused, it is a spin-off. Videogames, for instance, are an
accepted extension of microchip technology which was certainly not developed
with that specific purpose in mind. Similarly the CD, initially a computer memory
technology, largely failed as a video format, succeeded in audio form (not least
because the record industry simply stopped pressing vinyl) only to also re-emerge in
CD-ROM form as a memory store for computing. As an audio medium, then, the
CD can be classified as an accepted spin-off. Spin-offs are products of technological
performance synchronous or subsequent to the original device’s diffusion.

If, on the other hand, the technological performances of this post-production
stage are rejected, as the video CD (the laser disk) was by the domestic market,
then the technology can be described as a redundancy which suffers the same fate
as a partial prototype. Before the all-conquering videotape, laser videodisks made
little headway; and non-laser videodisks as well as Polaroid instant movie film
suffered the same fate for the same reason, redundancies all. Again, these cases

are discussed below.
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These, then, are the various elements proposed for modelling the processes of
change in the technologies of communication. This is not the place to inscribe an
account of the debate as to the efficacy of what Popper has called ‘historicism’ or
the propounding of ‘historical prophecies’. Many, in seeking to understand the
pattern of Clio’s garments, have been tempted into predicting, on the basis of that
understanding, what she will wear tomorrow. When it comes to communication
technology though, such efforts tend to be unfettered by much understanding of the
past beyond the anecdotal. Indeed, there is a profound tendency to historical
amnesia behind, for example, the oft repeated assertion that the pace of change is
now so fast as to be uncontrollable or that ‘nobody could predict’ this or that
development. The historical implications of the word ‘revolution’ are not denied by
this amnesia; instead a supposed transformational movement from ‘then’ to ‘now’ is
celebrated.?

The purpose of this book is not only to explicate the ‘then’ by inscribing a
fuller account of what actually occurred in the telecommunications past but also
to offer an interpretation, necessarily revisionist, of those occurrences. In
attempting to do this, the model offers an understanding of the history and
current position of communications in our culture which depends on an
examination of the operation of the accelerators and brakes, or social necessities
and constraints, rather than on the performance of technology considered in
vacuo. In what follows I shall apply the model first to the electrical systems of
communication, the telegraph and the telephone. Then, in Part II, radio and
television are dealt with. Part IIl is concerned with computing while Part IV
looks at the whole development of electrical and electronic networks from the
telegraph to the Internet. The conclusion suggests, via a consideration of the

current state of research into holography, that the model is still valid.
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SCIENTIFIC COMPETENCETO IDEATION: STATIC
ELECTRICALTELEGRAPHS

The application of the natural phenomenon we call electricity to the processes of
human communication involves a line of electrical experimenters stretching back to
Queen Elizabeth I's physician William Gilbert. The first Englishman to write, in De
Magnete, a book based on direct observation, Gilbert coined the phrase vis electrica
to describe the property, noticed in antiquity, possessed by amber (E)\EKTDOV) and
some other substances which, when rubbed, attracted light materials such as
feathers.

Further experimentation by the superintendent of the gardens of the King of
France in 1733 revealed what Franklin was to call positive and negative charges. In
1745 Musschenbroek built the first device to produce an electric field, the Leyden
Jar. His friend, Cunaeus, got a serious electric shock from it. The jar prompted the
beginnings of a discussion as to the nature of the phenomenon and a parade of
electricians, many of whose names are now immortalised in equipment or units of
measure, elaborated, into the early nineteenth century, both the theory of and the
laboratory apparatus for creating electrical phenomena.

There is another, even older strand of observation also involved in the ground of
scientific competence leading to electrical communications systems. Robert Hooke,
the experimental physicist, wrote in 1665:

I can assure the reader that I have, by the help of a distended wire,
propagated the sound a very considerable distance in an instant, or with
seemingly as quick a motion as that of light, at least incomparably
quicker than that which at the same time was propagated through air;
and this was not only in a straight line or direct, but in one bended in
many angles.

(Moncel 1879:11-12)
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Hooke was describing a string telephone which enjoys, in the toy-box, a popularity
that has persisted into the twenticth century (Landes 1983:126). In the decade
before the first demonstration of electrical telephones, these string toys were in
vogue as an adult diversion, ‘Lovers’ telegraphs’. They worked up to a distance of
170 yards, the size and nature of the cord having some effect on their efficiency, silk
being better than hemp. Such toys will also figure in the history of the telephone
because they all depended upon the attachment of a thread or a wire to a stretched
membrane (Moncel 1879:33).

Finally, a third, long-observed phenomenon also comes into play as part of the
ground of scientific competence leading to telegraphy. Applying magnetic force to
move a piece of metal or needle was a trick known in antiquity. St Augustine
mentions it in De Civitate Dei. Creating false oracles by, for instance, marking
letters around a bowl of water in which floated a cork-born needle manipulated
by a hidden magnet was considered an ‘abuse’, at least by della Porta (Fahie
1884:5). He can, though, be credited with the first glimmer of the idea of the
telegraph to appear in print: ‘Lastly, owing to the convenience afforded by the
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magnet, persons can converse together through long distances...we can
communicate what we wish by means of two compass needles circumscribed with
an alphabet’ (ibid.). In 1635, Schwenteer, in his Délassements physico-mathematiaues,
describes a system using a magnetic needle along these lines, but the experiments
which would demonstrate the viability of his idea were not to be conducted until
1819 (Braudel 1981:434).

The idea of using magnetism and electricity for a signalling system was thus
established early in the modern period. The elaboration of the idea as well as the
first prototypes for such systems tended to propose the use of static electricity. In
one, suggested by an anonymous correspondent of the Scots” Magazine writing from
Renfrew in 1753, signalling was to be effected by twenty-six wires with twenty-six
electroscopes in the form of mounted pith balls, each to represent one letter.
Making the electrical circuit agitated the balls. This was the first of many such ideas,
another, by Bozolus, a Jesuit, being explained in Latin verse. Devices along these
lines existed in experimental form by the 1780s. One of the brothers Chappe had
begun his telecommunication experiments with thoughts of such a friction
telegraph, before perfecting his ‘optical-mechanical’ system.'

Optical mechanical systems, such as the Chappe semaphore, can be seen as a sort
of precursor to the electrical telegraph, like the string telephones. They are part of
the ground of competence rather than prototypes. Received opinion suggests that
the supervening necessity for the semaphore was the needs of France’s
revolutionary armies. Patrice Flichy, however, goes further to point out that the
Revolution itself required enhanced communication if ‘the people’ were to act all
over the vastness of France with one mind. The semaphore system was used for
civilian communications; for example, decrees of the Convention and clauses of the
constitution as well as news of political events such as Bonaparte’s coup d’état were
all signalled to provincial centres. Strasbourg could communicate with Paris in 36
minutes. Overall, the effect of the semaphore was to help create a new sort of
mental landscape which Flichy terms, ‘I’espace national’. (Flichy 1991:19-23). In
France, by the 1840s, there were over 3000 miles of semaphore lines, all operated
by the War Department. A law of 1837 established a French government monopoly
in long-distance communication systems (Brock 1981:136). Lines of semaphore
stations were established all over Europe. Nicholas I connected St Petersburg to
Warsaw and the German border, with a branch to Moscow, by towers five to six
miles apart, 220 towers each with six men.

Pre-electric telegraphs, like any other technology, created a certain inertia, and
research on electrical alternatives was inhibited. In fact, the existence of these
claborate, military systems operated to suppress the efforts of a number of early
experimenters working in the static electrical tradition. For example, one of the
Wedgwoods, Ralph, planned an electric telegraph for the benefit of the Admiralty in
1814 but was turned away. Their Lordships’ lackeys wrote, ‘the war being at an end,
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and money scarce, the old system [of shutter-semaphores] was sufficient for the
country’ (Fahie 1884:124; brackets in original). The shutter-semaphore had been
developed in an Admiralty competition by Lord George Murray to improve upon
the French device. The inventor of the most elegant of these true electrical
prototypes suffered a similar fate.

In 1816, Francis Ronalds demonstrated an electrical telegraph system that
worked over eight miles of wire strung up on frames in his London garden. He
mounted clock mechanisms at either end of the wire. In place of the clock hands
he had an engraved disk with letters, numbers and other instructions inscribed
and in place of the glass was an opaque disk in which an aperture was cut. The
clocks being exactly synchronised, the operator waited for the required letter or
instruction to appear in the aperture, made the circuit and moved the
electroscope, a pith ball at the other end of the wire. The receiver, seeing what
letter was in the second clock’s aperture as the ball moved, could note it down.
Within two days of receiving notice of this apparatus, Barrow, the secretary of the
Admiralty wrote: ‘Mr. Barrow presents his compliments to Mr. Ronalds, and
acquaints him, with reference to his note of the 3rd inst., that telegraphs of any
kind are now wholly unnecessary, and that no other than the one now in use will
be adopted’ (Fahie 1884:124). Ronalds’ is the classic rejected prototype. The last
static electrical telegraph was proposed, a true redundancy, in 1873, forty-six
years after the dynamic version was ‘invented’.

Ronalds’ experience does not so much reveal official blindness as a lack of
supervening social necessity, the reason for such blindness. Ships had flags and
armies (and governments) semaphores. They were accepted as partial precursors
for the telegraph and they provided as much communication capacity as was

required.

PROTOTYPES, NECESSITY AND ‘INVENTION”:
DYNAMIC ELECTRICALTELEGRAPHS

Systems based on dynamic electricity were proposed in the first decade of the
nineteenth century but these too required a discrete circuit for each letter of the
alphabet. Instead of pith balls, the idea was to exploit the fact that water
decomposes, giving off bubbles when electricity is introduced into it. Using a
Voltaic pile and various arrangements of glass flasks, it was possible to indicate
letters by these bubbles.

The ideation of the modern telegraph had occurred in Schwenteer’s suggestion
but this was clearly forgotten; for, 175 years later, Ampere had the same sort of
thought and proposed that ‘one could by means of as many pairs of conducting

wires and magnetic needles as there are letters’ establish a signalling system. In
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1819, it was noticed that an electric current would deflect magnetic needles and
Faraday discovered that a freely-moving magnetised needle when surrounded by a
wire coil will respond to the power of the electrical current in the coil. A device,
the Galvanometer, to measure currents was built and the would-be electrical
telegraphers acquired a signalling instrument using dynamic electricity which was
to disperse the bubbles and banish the pith balls. The prototype phase of
telegraphy ended.

But there was still a question: Who needed a dynamic electrical system for
distant signalling? Where was the social necessity to turn these experiments into an
‘invention’?

In 1809, Richard Trevithick brought to London the latest wonder of the
country’s mining areas, an iron wagon-way upon which a steam locomotive ran.
At Euston Square he built a round track within a wooden fence and charged 1
shilling for the ride (Briggs 1979:90). In 1825, the first passenger train to go
anywhere ran between Stockton and Darlington. The railway age began somewhat
fitfully. Between 1833 and 1843 money was raised to build 2300 miles of railway
in the UK, about a quarter of which was constructed during that time (Dyos and
Aldcroft 1974:124). Early railways were single-track affairs which necessitated,
for the first time, instantaneous signalling methods. One of the many who can lay
claim to having ‘invented’ the telegraph, Edward Davy, saw this clearly. In 1838

he wrote:

The numerous accidents which have occurred on railways seem to call
for a remedy of some kind; and when future improvements shall have
augmented the speed of railway travelling to a velocity which cannot at
present be deemed safe, then every aid which science can afford must
be called in to promote this object. Now, there is a contrivance...by
which, at every station along the railway line, it may be seen, by mere
inspection of a dial, what is the exact situation of the engines running,
cither towards, or from, that station, and at what speeds they are
travelling,

(Fahie 1884:407)

Here then is a real and pressing supervening necessity—railway safety. The history
of telegraphy offers a clear example of how one technology, in this case the
railways, creates a supervening necessity for another, the telegraph.

Davy (who is not to be confused with Sir Humphry Davy of the miner’s lamp)
was eager to have the railway interests exploit the ‘contrivance’, a dynamic
telegraph of his design. He did not bother the Admiralty and he was right not to. In
fact, the earliest telegraph wires did indeed run beside railway tracks and were used

for operational purposes. That they could also be used for other messages was
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determined almost immediately. In 1840, the first telegram to excite London, that
the Queen had given birth (thereby removing the unpopular King Ernest of
Hanover as heir-presumptive), was carried from Windsor on the Great Western
Railway’s telegraph line, developed by Cooke and Wheatstone. Four years later,
‘What hath God wrought’, Morse’s first public message, was carried down a
telegraph wire running from Washington to Baltimore along the side of rail tracks.
In May 1844, the Democratic National Convention was meeting in Baltimore and
Silas Wright, its nominee for vice-president, declined the honour by telegram from
Washington (Czitrom 1982:6). A committee was dispatched by train to check the
truth of this communication. The first French wire ran beside the tracks from Paris
to St Germain (Thompson 1947:15).

The same year which saw the emergence of a clear supervening necessity for the
telegraph in the form of the Stockton and Darlington railway also witnessed its
‘invention’. Baron Pawel Schilling, a Russian diplomat in Germany, had seen
Sommering’s apparatus. Using a battery-powered galvanometer, Schilling designed a
device that worked in code. Right and left deflections of the needle indicated the
letters—for example, A=RL, B=RRR, C=RLL and so on. However, Schilling was
working in a repressive society which had anyway made a not inconsiderable

investment in the previous optical technology of semaphores. Thus,

the Emperor Nicholas saw in it only an instrument of subversion and by
an ukase it was, during his reign, absolutely prohibited to give the public
any information relative to electric telegraph apparatus, a prohibition
which extended even to the translation of the notices respecting it,

which, at this time, were appearing in the European journals.

(Thompson 1947:317)

Given that the idea of telegraphy had been widely mooted; that a system using a
common scientific device, the galvanometer, had been demonstrated; and that the
railways had a need for a signalling system, it is scarcely surprising that claimants
for the honour of ‘inventing’ the telegraph are numerous. Apart from Schilling,
Cooke and Wheatstone also used galvanometers to construct an elegant alphabetic
system, which needed initially five, and later two wires to operate. The patent was
granted on 12 June 1837 and eventually, by 1840, they had five galvanometers set in
a line across the centre of a lozenge-shaped board on which were painted twenty
letters. By deflecting any two needles, one letter could be isolated. A Scotsman,
William Alexander, on the very day of their initial patent, wrote to Lord John
Russell, the then Home Secretary, with a proposal for a telegraph between London
and Edinburgh. Three days later an acknowledgement was sent but no action was
taken. In December, somewhat unwillingly, Alexander inspected the Wheatstone

telegraph and admitted its superiority to his own.

24



THETELEGRAPH

More seriously, there was also Davy, the man who had linked the telegraph to
railway safety. Wheatstone was writing to his partner Cooke the January following

Alexander’s visit:

Davy has advertised an exhibition of an electric telegraph at Exeter
Hall...I am told he employs six wires, by means of which he obtains
upwards of two hundred simple and compound signals, and that he
rings a bell. T scarcely think that he can effect either of these things
without infringing our patent.

(Fahie 1884:381)

Edward Davy, the son of a West Country doctor and inventor of ‘Davy’s Diamond
Cement’ for mending broken china and glass, had lodged a caveat against rumours
of Wheatstone’s work the previous March and it seems as if his was the superior
scheme. His machine used a chemically treated paper strip which recorded the
electrical impulse as a visible brown mark. It was the forerunner of a series of such
devices which would eventually lead to the fax machine and television. Only the
scientific inadequacies of the Solicitor General, who thought the devices were the
same when in fact they were not, allowed Wheatstone and Cooke their patent. Davy
strenuously struggled to have this decision overturned and to exploit his version
with the aid of supporters among the railway men. But in the midst of this battle,
which developed in the summer of 1838, he wrote to his father, ‘I have notice of
another application for a patent by a person named Morse’ (Fahie 1884:431;
Emphasis in original).

Davy succeeded eventually in obtaining a patent but not in having his British
rivals denied, and, upon his emigrating to Australia where he practised his father’s
profession of medicine, the diffusion of his design ceased although other researchers
were to pursue the idea of electro-chemical signal indicators. Cooke and
Wheatstone’s model was adopted by many British railway companies but, despite
seeing Davy off, in the wider world they were not to triumph. Their bane was to be
the ‘person named Morse’. And the reason for his victory over them was less to do
with hardware than with what we would today call the software of his system.

Schilling’s contribution, it will be remembered, was not just to use the
galvanometer but also to understand that encoding the messages was the clue to
efficiency. Binary codes were not new but again date back to antiquity; and in the
sixth book of The Advancement and Proficiency of Learning (1604) Bacon gives an
example of one, using the letters A and B as the binary base (Thompson
1947:311). At the University of Gottingen, in 1833, Gauss and some colleagues
rigged up a telegraph from the physics department offices to the University
observatory and the magnetic lab, a distance of 1.25 miles. Using a system along
Schilling’s lines, the Gottingen faculty evolved a four-bit right/left code. In 1835
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their apparatus became the first to be powered by a ‘magneto-electric machine’, a
proto-dynamo, rather than a voltaic pile. Morse was to exploit all of these
developments, and others.

S.F.B.Morse, ‘the American Leonardo’, was the son of a New England
Congregationalist minister. After Yale, where he had exhibited a talent for art, he
had become a professional portraitist and eventually a professor of painting at the
forerunner of New York University, the University of the City of New York. A
daguerreotypist who took the first photographic portrait in the USA, he was also a
child of his time, rabidly anti-immigrant, i.e. anti-Irish and anti-Catholic. His best-
known paintings were Lafayette and The House of Representatives and his understanding
of electricity informal. Crucial to his interest in telegraphy were the fame and
proximity of Joseph Henry, subsequently secretary of the Smithsonian but then, in
the late 1820s, a professor at the Albany Institute.

By substituting numerous small voltaic cells for the large one usually employed
in such experiments, Henry had been able to create an electromagnetic pull
sufficiently strong to move an arm with a bell attached. Henry, who was called to
the chair of Natural Philosophy in the College of New Jersey (later Princeton) in
1832, publicly demonstrated bell-ringing from afar but did not patent the device.
Morse, using Henry’s apparatus as a starting point, and the expertise of two of his
friends who possessed a broader grounding in electrical studies, built a contrivance
wherein the electrical current deflected a marker across a narrow strip of paper, a
recording telegraph. The sender used notched sticks which were pulled across the
electrical contact to transmit the impulses. In September 1837, some two years
after he had first made a working model and five years after he began his
experiments, he filed a caveat; the Morse system, with its code, was ready.

Morse’s contribution to codes was simple and crucial. He dispatched his assistant
Vail and a backer to a printer where the relative frequency of the letters was gauged
by examining type-fonts. Previous systems, such as Schilling’s, seemed to rely on
common sense with the vowels represented by the shortest number of impulses but
little further refinement. Morse understood, with Schilling and others, that it was
easier to train people to learn a code than to find enough different circuits for
electricity to display letters. But Morse’s crucial insight was that printers’
experience would reveal the most efficient way to construct such a code. It is for

this reason that his system prevailed.
SUPPRESSION AND DIFFUSION: OWNING THE
TELEGRAPH

The diffusion of the telegraph was to be a rather vexed affair since the initial

supervening necessity, railroad safety, although sufficiently strong to bring the
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device to the ‘invention’ stage was not so sustained as to ensure diffusion. Other
electrical signalling systems for track control came to be developed and telegraphy
was relegated to carrying internal operational messages. The initial need was
dissipating even as other factors, including the existence of the semaphore, were
working to constrain the diffusion of the new system. The telegraph was saved
because new uses were immediately discovered and rapidly developed by the stock
market and, especially in North America, newspapers.

In all this, the telegraph reveals how the ‘law’ of the suppression of radical
potential works, even as a series of supervening necessities labours to push the
technology out into the world. The first factor to note is a patent war, always a
raw expression of the power struggle involved in technological diffusion. In the
case of the telegraph such battles were inevitable, given the widespread
availability of the technology being deployed by the various systems. The Morse
patent was denied altogether in England; the apparatus, unenthusiastically
received by the French government, was nationalised there. Even in the US,
Morse, who had raised government funds to build the experimental Washington-
Baltimore line, had considerable difficulty in diffusing the system further. Morse
came close to libelling Henry when the latter began to give expert evidence
against him in various patent cases.

Beyond the question of patent, there was also the issue of system ownership.
Again, ambiguities and uncertainties work to slow diffusion. In 1845, the Morse line
had been operated by the US Post Office and in the first six months of the year it
had cost $3284.17 and had brought in $413.44. The Postmaster General asked the

crucial question:

How far the government will allow individuals to divide with it the
business of transmitting intelligence—an important duty confided to it by
the Constitution, necessarily and properly exclusive. Or will it purchase
the telegraph, and conduct its operations for the benefit of the public?
(Brock 1981:63)

But the public had thus far shown very little interest in benefiting from the
telegraph and the Congress demurred at further involvement with such an
economic white elephant. Despite the Postmaster General’s talk of ‘an instrument
so powerful for good or evil’ which could not ‘with safety be left in the hands of
private individuals uncontrolled by law’, a crucial privatising precedent was set in
American public communications policy. The telegraph was returned to Morse and
his backers. This failure to find non-railway uses for it in 1845 thus had profound
repercussions. In the USA, the transmission of intelligence was to be neither
necessarily nor exclusively a government function. Others, the press and business,

could also be involved. After that crucial hesitancy in the first year, stock
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speculators began to see the utility of the telegraph and the beginnings of that
process which today allows global simultaneous participation in a multitude of
international money and commodity markets to be demonstrated for the first time.
Newspapers became avid consumers of telegrams, which had a considerable effect
on their contents. No longer, as in the eighteenth century, was it possible to scoop a
rival with ‘late intelligences’; now, the telegraph rendered news, like soft fruit,
perishable—useless if delayed.

The policy of privatisation thus created was not reversed when such uses made
the telegraph into a commonplace a year or so later and private enterprise was
creating a system racked with patent disputes, geographical dislocations and
redundant duplicated wires. Nor did Congress feel moved to involve itself in either
the emergence of the great national private monopoly (Western Union) or the
international developments that followed. The principle established with the
telegraph was to hold good through all the subsequent technologies until a century
and a quarter later Congress allowed commercial corporations into space. What had
initially been adopted to avoid wasting taxpayers’ dollars became a self-denying
ordinance—the government would not engage in profitable communications
enterprises. In time, this would help underpin the received opinion that government
enterprises in telecommunications (and indeed elsewhere) cannot, by their very
nature, be profitable. (This then becomes self-fulfilling: if such enterprises are
profitable, then they should be, and are, privatised.)

Henry O’Reilly, significantly himself a newspaperman, secured the rights to
exploit the Morse patents in the West on terms which the patentors subsequently
regretted and sought to annul. In more sparsely populated country the wires were
soon seen as necessities by everybody and O’Reilly did better than anticipated. To
escape from the Morse patent, he turned to other telegraphic instruments of which
there were a number available. Cooke and Wheatstone, for example, had a prior
patent to Morse’s in America and there was another machine, that of House, also on
the market; but it was Bain’s chemical telegraph, a facsimile prototype patented in
1843 along the same lines as the one proposed by Davy, which O’Reilly chose to
exploit (Hubbell 1942:55). The basic principles was to use chemically treated paper
in the receiver to interact with the electrical signal. In 1847 an even more
sophisticated device, a ‘copying telegraph’ relying on scanning, was introduced by
Bakewell.

By this date, in certain sections, between Louisville and Nashville for instance,
O’Reilly and Morse’s licensees raced side by side to complete the line. By 1849
there were rival Bain and Morse lines between Boston and Washington and New
York and Buffalo. The American courts intervened and in 1851, in a rerun of the
struggle between Cooke and Wheatstone and Davy in 1838, held for Morse. The
judgement prevented further chaos by declaring the Bain patent invalid and his

machine an infringement of Morse’s.
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With this declaration, the Bain telegraph is removed from the history of this
technology but it remains, with Davy’s, a pioneering element in the development of
the fax and television. There were other prototypes for these as well.
Phototelegraphy, for example, begins with a device, developed by the Abbé Caselli
and introduced in 1862, which could transmit daguerreotypes or a facsimile of the
sender’s handwriting. He sent a picture by wire from Amiens to Paris and with the
support of Napoleon III, Caselli established a number of commercial stations, but
the slowness of the system prevented him from mounting a real challenge to Morse
(Handel 1967:128). Elisha Gray, the telegraph engineer who was to be beaten to the
Washington patent office by Bell, had designed a device which could, with rheostats,
electromagnets and styluses, copy a written document telegraphically. The facsimile
languished for lack of a supervening social necessity. Why send a fax when sending a
letter, with multiple daily deliveries at least in the big cities, was so efficient?

In Europe the telegraph, a substitute for the imperial semaphore, was seen as an
extension of postal, i.e. state, services. The American Postmaster General’s position
on the necessity of governmental control was implicitly accepted.

The telegraph is the model of all the electrical signalling systems which follow.
Not for the last time was the widespread availability of the technology eventually
used to create a working system to lead to disputes in the courts. And, again not for
the last time, was flamboyance, charisma and flair to secure for one of many
pioneers the accolade ‘inventor’. Morse, although by no means the telegraph’s
‘inventor’ in any eureka sense, was nevertheless responsible for the form in which it
was eventually diffused. (Only certain extremely conservative English railway
companies stuck with alphabetic Cooke and Wheatstone telegraphs beyond the
midpoint of the century.) Moreover, the effect of the struggle for control of
telegraphy, which worked to limit its disruptive potential, raised the crucial
question of public versus private ownership which was also to be heard again and

again in the debates about subsequent communication technologies.
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BEFORETHE SPEAKING
TELEPHONE

SCIENTIFIC COMPETENCE: THETELEPHONE

The earliest practical telephone transmitter consisted of a diaphragm attached to a
wire. The end of the wire was dipped into a bowl containing an acid solution and an
electrical contact fixed to the bowl. As the voice vibrated the diaphragm so the wire
moved. This created a variable resistance in the solution which was registered
through the contact. The device was used by Alexander Graham Bell to utter the
immortal words ‘Mr Watson, come here I want you’ on 10 March 1876. Bell did not
design this contrivance.

Its specification had been deposited in a caveat—"‘a description of an invention
not yet perfected’—in the Washington Patent Office nearly a month earlier on 14
February 1876 by Elisha Gray, the co-owner and chief scientist of a Chicago
telegraphic equipment manufacturing company. That same day, some two hours
carlier it would seem, although no record was kept, Bell patented an ‘Improvement
in Telegraphy” using electromagnets and a vibrating diaphragm of a kind he had been
experimenting with for many months. For the previous couple of years he had been
in competition with Gray, both of them in the footsteps of many others, to produce
a device which could increase the capacity of telegraph wires by allowing a
multiplicity of signals to be carried simultaneously. It is perhaps no wonder then
that that evening at 5 Exeter Place, Boston, when it must have dawned on Bell that
Gray’s design might well transmit sound better than his own, he spilt the acid on his
clothing, Bell’s patent—US No. 174465—had been allowed but a week. It had been
issued a mere three days before. Yet Gray’s machine was clearly superior (and more
fully described) than the one Bell had sketched in his deposition. Watson’s was not
the only help Bell would need.'

The line of enquiry which gives rise to the word ‘telephone’ dates from the
seventeenth century. Ear trumpets were developed as signalling systems. For
example, Samuel Pepys tried a version of this new invention but noted that it ‘was

only a great glass bottle broke at the bottom’; nevertheless he put the neck to his
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car ‘and there did plainly hear the dancing of the oars of the boats in the Thames at
Arundel Gallery window, which, without it, I could not in the least do’ (Pepys
1953:205, dated 2 April 1668). Such crude devices worked as transmitters as well.
One, 5 feet 6 inches long, ‘was tried at Deal Castle by the Governor thereof, the
voice being plainly heard off at Sea as far as the King’s ships usually ride, which is
between two and three miles, at a time when the wind blew from the shore’
(Kingsbury 1915:2).

At the end of the eighteenth century, mindful of the limitations inherent in
visual signalling systems such as the then popular semaphore, Huth proposed a
system of megaphones for long-distance work. He wrote that the difference
between visual and acoustic methods of signalling ‘might deserve a different name
and it might become necessary to give a different name to telegraphic
communication by means of speaking tubes. What would be more appropriate
here than a word derived also from the Greek: Telephon or Fernsprecher’ (Rhodes
1929:226)? During the next century the word Telephon came to denote in German
all speaking-tube devices whether electrical or not. Similar usages can be found in
French, a communication code using the tonic sol-fa musical scale being described
as téléphonie in 1828. Sound-from-afar, in that classically educated age, was then
more likely than not to be named telephony if any acoustic element was involved
in the communication process, irrespective of the hardware used. These devices
and systems did not involve the human voice. In 1858 a telegraph device was
designated téléphonie-électrique in a Paris publication (ibid.: 229-30). The English,
being every bit as well educated as the continental Europeans in the classical
languages, adopted the same nomenclature. By the mid-nineteenth century in
German, and to a lesser extent in French and English, all devices which relayed
sound through whatever medium were known in both scientific and popular
literature as telephones.

And then, of course, there were the ‘Lovers’ telegraphs’. They arrived, as the
latest fad, in Chicago in December 1875 and Elisha Gray was well aware of them
(Prescott 1972:425). It is also curious that, following the demonstration of the
electric telephone in 1876 a number of reputable scientists, including Heaviside (of
the layer), devoted their energies to improving the string telephones, one getting a
device to operate over nearly half a mile of wire (Moncel 1879:35-6).

String phones, megaphones, speaking tubes and ear trumpets as well as sound
resonators and the telegraph are part of the ground of scientific competence in the
broad sense for the modern telephone. In the more usual, limited meanings of
science the wave theory of electromagnetic phenomena was also of significance.

In the eighteenth century a number of different concepts explaining the range of
electrical phenomenon then known were in circulation. The most potent of these,
articulated by the French physicist Dufay after 1733, held electricity to be of two

distinct types: ‘vitreous’ as when glass is rubbed with silk and ‘resinous’ as when
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sealing wax is rubbed with fur. Franklin proposed the terms ‘positive’ and
‘negative’ for these phenomena and suggested that a single electric fluid was at
work but only flowed when positive. The fluid theory, which is still remembered
whenever we talk of ‘current’, was adequate to explain the basic performance of
static electricity. With any scientific concept, there are always what Thomas Kuhn
would call anomalies—events unexplained by the dominate theory or paradigm
(Kuhn 1962:90—1)—and that was the case here, increasingly as experimental work
in dynamic electricity progressed during the century from 1750 on and especially
after the introduction of the voltaic battery in 1800. Anomalies unexplained by
cighteenth-century electrical theory started accumulating. The experimental work,
of course, went forward despite this—as it always does—and with it the
development of devices to detect and measure electromagnetic phenomena to which
we shall return when considering the development of radio and television.

In 1845, the then dominant Franklin paradigm for electricity was crumbling. By
this time, Michael Faraday had been working with electricity for more than a
decade. He yoked what he knew of magnetic waves together with Young’s 1801
demonstration of light waves (p. 88) to observe that ‘magnetic force and light were
proved to have a relation to each other’. (Dr Thomas Young was a polymath, now
unjustifiably neglected, whose scientific work was of particular importance to the
developments of communications and whom we shall therefore meet again in this
history.) Faraday hypothesised that light waves might be transverse vibrations
travelling along the lines of magnetic and electrical force he was studying. He
produced evidence that the electric fluid was made up of particles and theorised
that there were lines of force surrounding electrified or magnetised bodies. He
added “This fact will most likely prove exceedingly fertile’ (Wilson 1935:86).

The great experimenter was right. His lines of enquiry foreshadowed the unified
electromagnetic wave theory of James Clerk Maxwell which was, a generation later,
to bring all these strands together, replacing Franklin’s paradigm and absorbing
Young’s observations. Maxwell’s work and its experimental verification by Hertz in
the late 1880s lies at the heart of all electronic communications systems.

In 1865, Maxwell broke with eighteenth-century concepts by proposing a wholly

new explanation, or paradigm, for electromagnetism:

The theory I propose may therefore be called a theory of the
electromagnetic field.... The electromagnetic field is that part of space,
which contains and surrounds bodies in electric or magnetic conditions.
It may be filled with any kind of matter, or we may endeavour to empty
it of all gross matter. There is always, however, enough of matter left to
receive and transmit the undulations of light and heat, and it is because
transmission of these radiations is not greatly altered when transparent

bodies of measurable density are substituted for the so called vacuum,
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that we are obliged to admit the undulations are those of an ethereal
substance, and not of gross matter.... We have therefore some reason to
believe that there is an ethereal medium filling space and permeating
bodies, capable of being set in motion and transmitting that motion
from one part to another.
(Maxwell 1865:460)
Maxwell’s mathematisation of these waves is, for all post-telegraph
telecommunications technologies, a crucial element in the ground of scientific
Cornpetence.2

These different strands of acoustic and electrical enquiry combine. Sir Charles
Wheatstone, who came from a family of musical instrument makers, gave the world
the concertina as well as the alphabetic telegraph noted above and was interested in
the acoustic aspects of long-range signals. In 1821 he demonstrated the Enchanted
Lyre. If the sounding boards of two instruments were joined together Wheatstone
showed that notes played on one would be reproduced on the other. For about two
years the machine was exhibited in London; and ‘so perfect was the illusion [wrote
Sir Charles] in this instance from the intense vibratory state of the reciprocating
instruments, and from the interception of the sounds of the distant exciting one,
that it was universally imagined to be one of the highest efforts of ingenuity in
musical mechanism’ (Kingsbury 1915:4). In fact it was an extension of a physical
phenomenon known to anybody who had ever put ear to ground, which, as that
procedure is described in Pliny, means considerable numbers of people. The
relationship between such resonance experiments and the development of the
electric telegraph is twofold. Both are concerned with distant signalling. Second,
the discovery of certain acoustic phenomena, held to be of the resonance type but
connected with electromagnets, promised considerable practical advantage in
melding sound with electricity.

The first electromagnetic device which converted electrical waves into sound is
credited to a Dr C.G.Page of Massachusetts in 1837. He achieved this effect, which
he called ‘Galvanic Music’ (but which the rest of the world named for him ‘the
Page effect’), by revolving the armature of an electromagnet in front of a negative
and positive electrical pole. Loud sounds were emitted which could be varied by
altering the strength of the current in the poles (Fagen 1975:83). In 1846, M
Froment of Paris showed a device which was designed not to create sounds but to
analyse those made by Page’s effect. His vibrating bar arrangement was a direct
precursor of the great physicist Helmholtz’s experiment the following decade to
show that electrical impulse could be sent down a line and cause a tuning fork to
resonate on the principle of sympathetic vibration. A similar acoustic phenomenon
using capacitors where different notes were produced as the charge was varied was
demonstrated in 1870.
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These investigations were seen as having important economic consequences for
telegraphy. If a number of Morse senders and receivers could be variously tuned,
it was theoretically possible that all these signals, sounding different notes, could
be sent down the same wire simultancously but independently of each other.
Increasing the capacity of the wires without physically stringing more of them was
obviously economically desirable. Since, although the message was still encoded in
dots and dashes, an acoustic element was involved, all the devices for the
improvement of telegraphy along these lines were referred to as telephones—
harmonic or musical telephones.

To move from harmonic telephones to the speaking or articulating telephone
required an understanding of another electrical phenomenon, variable
resistance. Variable resistance to electricity was found in substances, from
sulphuric acid to carbon, under different physical conditions. The Comte Du
Moncel, telephony’s first historian, had experimented with this from 1856 on
and had published his results (Moncel 1879:144). In 1866, M Clarac of the
French telegraphic administration ‘constructed tubes containing powdered
carbon, the electrical resistance of which could be regulated by increasing the
pressure upon it by means of an adjusting screw’. The purpose of the device was
simply to demonstrate the variable resistance phenomenon and it flowed from
work by Sir William Thomson (Lord Kelvin) which showed that resistance to
current in a wire could be varied by putting the wire under tension (Kingsbury
1915:114-15).

Finally, the move from devices where signalling was accomplished with discrete
electrical pulses (e.g. telegraphy) to systems which offered electrical analogues of
sound waves (e.g. telephony) required an understanding of human speech.
Helmholtz is of importance to this strand of competence too, for contributions to
what today would be called psycholinguistics. He published, in 1862, his seminal
work Sensations of Tone and the fixed pitch theory of vowel tones he enunciated was
part of the underpinning of the experiments with harmonic telephones. This work
was a facet of an ongoing and widespread interest in the production and reception
of human speech.

Alexander Graham Bell was an elocution teacher concerned with deafness.
The received impression is that such a man invents the telephone as the very
pattern of an inspired nineteenth-century amateur; and further his amateur
status is in complete contrast to the way in which things are done these days,
not least at the mighty research laboratories that bore his name. But this
impression is wrong. There was a continuum between the scientific investigation
of electromagnetic phenomena and human communication, as Helmholtz’s
interests indicate. Bell’s father and grandfather, both in the same profession as
Alexander, had made distinguished contributions to the psycholinguistic

literature of the day (at least in its practical elocutionist aspect). Bell from his
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childhood was aware of this work, the theory of speech production and the
creation of machines to produce human sounds.

Work on speech synthesisers goes back to the eighteenth century. In 1779 the
St Petersburg Academy offered a prize for a machine which could reproduce
vowel sounds and a number of contrivances were developed, none good enough to
win the prize. Bell was not only immersed in this tradition, he also contributed to
it, albeit in a small way. His father offered the three Bell boys prizes, after the
fashion of the Academy of St Petersburg, for speaking machines. Alexander
apparently produced a crude version using the model of a human skull stuffed
with India rubber and cotton. His father was acquainted with Sir Charles
Wheatstone and borrowed scientific literature from him. Wheatstone himself
demonstrated the most successful of the automaton ‘speaking machines’ to the
young Bell. In the 1860s after meeting Alexander Ellis, the man who was to
translate Helmholtz into English, Bell also developed an interest in electricity. He
read Helmholtz himself in French in 1870, five years before the Ellis translation
appeared (Bell 1908:7, 206-7).

Bell was also aware of the attempts to render speech visible as various systems
for translating musical sound pressure waves into a visible form had been proposed
in the ecighteenth century (Nmungwun 1989:15). Moreover, his father had invented
a universal system of orthography called ‘visible speech’ as an aide to teaching the
deaf. Mechanical devices were designed to the same end or for purer acoustic and
linguistic research reasons. For example, acoustic experiments conducted in the
early nineteenth century by Young prompted Léon Scott de Martinville to introduce,
in 1855, the phonautograph, or sound-writer, a contrivance designed to listen (as it
were) rather than to talk. It was to be of considerable consequence both for the

telephone and the phonograph.

This [phonautograph] consisted of a cone over the smaller end of which
was tightly stretched a membrane, and hinged at the end of this was a
long wooden lever. At the other end of the lever a short pig’s bristle
was attached and suspended just above the surface of a sheet of glass
covered with lampblack. By speaking into the cone and moving the
glass, the pig’s bristle would trace the pattern of the sound waves.

(Blake 1928:13)

By 1872 Bell was experimenting along Helmholtzian lines. In the summer of
1874, while immersed in the problems of the harmonic telephone, he took time
to build a macabre version of Scott’s phonautograph. He obtained the ear of a
deceased man and rigged it up to a metal horn with the armature and stylus
attached to the ossicles. He got very good tracings from the device (Blake

1928:15). He was also aware of Koenig’s manometic capsule. In this machine the
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voice acting on a membrane caused a gas flame to flicker. The flame was reflected
in a continuously revolving mirror which converted the flickerings into seamless
bands of light. Both these devices, like his father’s ‘visible speech’ system of
writing, were part of a search to allow the deaf to ‘see’ speech. Since the patterns
produced by these two contrivances differed radically, Bell gave up on them as
potentially useful tools in his professional work as a teacher of the deaf. And
anyway, as his harmonic telephone researches indicated, his mind was on other
matters (Fagen 1975:2-3).

IDEATION: SPEECHTRANSMITTED BY ELECTRICITY

The ideation transformation works on elements within the ground of scientific
competence. This then leads to devices in the metal during the technological
performance phase. Ideation without devices is the technological equivalent of
poems lying unread in the bureau drawer. However, the record of the idea does not
necessarily have to be clearly articulated. This was certainly the case with the
development of the telephone, where no recorded theoretical notions (including
those of Bell himself) envisage a fully practical machine. But, as with the telegraph,
the wherewithal for the technology was so much to hand that numerous scientists
and technologists came close to describing how a speaking telephone might work.

For example, in 1831, Wheatstone wrote:

When sound is allowed to diffuse itself in all directions as from a
centre, its intensity, according to theory, decreases as the square of the
distance increases; but if it be confined to one rectilinear direction, no
diminution of intensity ought to take place. But this is on the
supposition that the conducting body possesses perfect homogeneity....
Could any conducting substance be rendered perfectly equal in density
and elasticity so as to allow the undulations to proceed with uniform
velocity without any reflections or interferences, it would be as easy to
transmit sounds through such conductors from Aberdeen to London as
it is now to establish communication from one chamber to another....
The almost hopeless difficulty of communicating sounds produced in air
with sufficient intensity to solid bodies might induce us to despair of
further success; but could articulations similar to those enounced by
the human organs of speech be produced immediately in solid bodies,
their transmission might be effected with any required degree of
intensity. Some recent investigations lead us to hope that we are not far
from effecting these desiderata.

(Kingsbury 1915:12—13)
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Figure 9 Telephony

Although Wheatstone, less than a decade away from his telegraph and in the midst of
his success with the Enchanted Lyre, did not seem to have electrical signalling in
mind, the references to undulations and the notion of creating an analogue of the
human voice are essential to the idea of the telephone.

By the mid-eighteenth century, the connection to electricity was being made
(Figure 9). Du Moncel, in 1853, envisaged using Page’s effect to create with
different tunings on various metal plates ‘an electric harmonica’ (Moncel 1879:23).

A year later Charles Bourseul published the following in Paris:

I have, for example, asked myself whether speech itself may not be
transmitted by electricity—in a word if what is spoken in Vienna may
not be heard in Paris. The thing is practical in this way:

We know that sounds are made by vibrations.... Suppose a man
speaks near a moveable disk, sufficiently flexible to lose none of the
vibrations of the voice, that this disk alternately makes and breaks the

currents from a battery; you may have at a distance another disk, which
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will simultaneously execute the same vibrations.... It is, at all events,
impossible in the present condition of science to prove the impossibility
of transmitting sound by electricity. Everything tends to show, on the
contrary, that there is such a possibility.... I have made some
experiments in this direction: they are delicate, and demand time and
patience, but the approximations obtained promise a favourable result.

(Moncel 1879:13-14)

It is fairly clear that Bourseul’s ‘approximations’ did not amount to an actual
machine, but the idea of electric telephony is clearly enunciated. Omitted is the
need to impress an analogue of the voice on the current; Bourseul’s ‘makes and
breaks’ suggest a digital mode, as in the telegraph.

There was one non-technical impediment to this work. The notion of electrically
based voice communication was, from the 1840s on, regarded as chimerical—‘a
sort of term of reproach’—and an indication, in any searching for it, of a measure
of mental disturbance. Thus when Cooke and Wheatstone went to arbitration to
determine which of them should have the credit for their telegraph, it is Cooke’s
solicitor who constantly uses the word ‘telephone’ to emphasise, as it were, the
impracticality of Wheatstone’s ideas (Kingsbury 1915:11). The telephone sacrificed
its respectability as an object of proper scientific inquiry not only because of a
succession of more or less non-speaking devices between Bourseul and Bell of the
harmonic telephone type but also because of the long tradition of subterfuge
associated with remote-controlled speaking figures going back, perhaps, to the
oracles of the ancient world. In such a tradition, ‘assertions of ventriloquism’
continued to find their mark. This factor certainly affected Bell who was inhibited
by a fear of ridicule. He was working on the harmonic telephone but he claimed
that he was thinking about a speaking telephone—the harp—as a sort of piano-sized
musical box comb with between 3000 and 5000 tines to replicate the hair-like organ
of Corti within the human ear. He explained his failure to construct such a
contrivance in the summer of 1874 in part thus: ‘Fearing ridicule would be attached
to the idea of transmitting vocal sounds telephonically, especially by those
unacquainted with Helmholtz’s experiments, I said little or nothing of this plan’
(Kingsbury 1915:11).

The following winter, having secured some backing, he continued to pursue the
commercially attractive harmonic telephone and began to have his prototypes built
for him at a professional telegraphic equipment manufacturers in Boston, where he
was assigned the services of a young electrician, Thomas Watson. Watson attests to

Bell’s continued hesitancy about telephony and its dubious status in 1875.

We discussed the possibility of constructing [a telephone], but nothing

was ever done about it for Thomas Sanders and Gardiner G.Hubbard,
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the two men who were financially and otherwise supporting Bell in his
experiments, were urging him to perfect his telegraph, assuring him
that then he would have money and time enough to play with his
speech-by-telegraph vagary all he pleased. So we pegged away at the
telegraph and dreamed about the other vastly more wonderful thing,
(Watson 1926:62-3)

Clearly, Bell felt confident enough about Watson to share his thinking with him in
some detail (even if we may be permitted to doubt a little Watson’s claim of total

recall):

Bell had a remarkable power for clear and terse explanation. The words
he used in giving me the essence of his great idea have remained with
me ever since. ‘Watson’, he said, ‘if I can get a mechanism which will
make a current of electricity vary in its intensity, as air varies in
intensity when a sound is passing through it, I can telegraph any sound,
even the sound of speech.” He went on to describe a machine which he
thought might do this. It was an apparatus with a multitude of tuned
strings, reeds and other vibrating things, all of steel or iron combined
with many magnets. It was big, perhaps, as an upright piano.

(Watson 1926:63)

This account is less lucid than it appears and its inconsistencies find expression first
in the patent Bell was awarded a year later and subsequently in the more than 600
legal actions he and his partners fought to defend it.

The ‘multitude of tuned strings’ has nothing to do with the eventual solution
and does not imply a need for a ‘mechanism which will make an electric current
vary in its intensity’. In fact the rationale Bell gave Watson is somewhat at odds
with the device he described, crucially in this matter of variable resistance.
Variable resistance was to be at the heart of the telephone transmitter in its
invented form, but Bell and his supporters had some considerable difficulty laying
claim to the concept prior to February 1876. The record yields only one
conclusive mention of variable resistance before this date, in a letter written by

Bell in May 1875.

Another experiment has occurred to me which, if successful, will pave
the way for still greater results than any yet obtained. The strings of a
musical instrument in vibrating undergo great changes of molecular
tension. In fact, the vibration represents the struggle between the
tension of the string and the moving force impressed upon it. I have

read somewhere that the resistance offered by a wire to the passage of
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an electric current is affected by the tension of the wire. If this is so, a
continuous current of electricity passed through a vibrating wire should
meet with varying resistance, and hence a pulsatory action should be
induced in the current. If this turns out to be the case, the oscillations
of the current should correspond in amplitude, as well as in the rate of
movement, to the vibrations of the string. One consequence would be
that the timbre of a sound could be transmitted.

(Bell 1908:53; italics in original)

It is curious that Bell should refer to an experiment by Kelvin, later to be one of his
most influential supporters and already a famous scientist, in such vague terms: ‘I
have read somewhere...’; but that he did not conduct any experiments with wires
under tension for four years and, most importantly, makes only glancing reference
to variable resistance in the first patent, is even stranger and of extreme
significance.

By 1875 it is clear that Elisha Gray was conceptually closer to the telephone than
Bell. Eight years earlier, Gray had made his first experiments in the area of Page’s

effect and he claimed to conceive then of

the idea of a telephonic system based on the differences of resistance
effected in a circuit completed by a liquid where the layer of liquid
interposed between the electrodes varies in thickness under the
influence of the telegraphic plate which is in connection with one of
the electrodes.

(Moncel 1879:86)

It would seem reasonable to suggest that Gray too was being tendentious here. The
concept is most unlikely to have been so well formed at the early date claimed,
especially since Gray, by his own account, did not pursue the idea for some years.
Gray went on to achieve a great deal with his harmonic telephone researches, but he
also continued with less focused work. In 1874 he was conducting some
experiments with a battery and the zinc lining of a bathtub which demonstrated that
he could amplify the galvanic noise by friction and pressure (Prescott 1972:452).

Then the following December, in Milwaukee, he saw the lovers’ telegraph which
he stated:

proved to my mind that the movements of a single point on the
diaphragm corresponded accurately with the movements of the air
produced by any spoken word or sound. I saw that if I could reproduce
electronically the same motions that were made mechanically at the

centre of the diaphragm by speaking upon it, such electrical
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vibrationswould be reproduced upon a common receiver in the same
manner that musical tones were.... The fact that the longitudinal
movement (in water or other fluid of poor conducting quality) of a
wire or some good conductor of electricity, with reference to another
wire or metal conductor, produced variations in the resistance of an
electric circuit proportional to the amplitude of movement, was old in
the art of that time; so that the last link of knowledge necessary to
solve the problem in my mind was furnished in the capabilities of the
longitudinal vibrations of the string in the before mentioned so called
lovers’ telegraph.

(Prescott 1972:452--3)

Without any experimentation in the metal, Gray simply, in February 1876, designed
a system along these lines and filed it as a caveat—an incomplete ‘invention’ but a
warning to others that an investigation was under way—a few hours (apparently)
after Bell filed for his patent. The caveat was quite clear that the object of the device
was ‘to transmit the tones of the human voice through a telegraphic circuit and
reproduce them at the receiving end of the line, so that actual conversations can be
carried on by persons at long distances apart’ (Prescott 1972:453). The transmitter
consisted of a tube, in the shape of a flat-bottomed flask, the bottom of which was
covered with a membrane. A platinum wire ran from the centre of the membrane
into a small container of sulphuric acid which was connected to a battery. The other
battery terminal was a button set into the bottom of the container. His planned
receiver was an electromagnetic device of less sophistication than that which Bell
had already built. Because of this, although it was clear that the transmitter was
better than Bell’s (as was proved by Bell’s building one virtually identical to it on 10
March 1876) it was equally true that Gray, like Bell, was some way away from a
system.

Apart from the simultaneous arrival of the plans at the patent office, there is a
distinction of style between the two men. Bell patented a telegraphic device, which
was finished as such and had been built but was not a fully practical speaking
telephone system. He described it as an improvement in telegraphy not only
because that was what it was but also presumably because he needed to satisfy his
backers that he was not wasting their money on a ‘speech-by-telegraph vagary’.

Nevertheless there was a certain boldness about his approach:

I was so satisfied in my own mind that I had solved the problem of the
transmission of articulate speech, that I ventured to describe and claim
my method and apparatus in a United States patent, without waiting for
better results; in full confidence that the problem had been solved, and

that my instruments would turn out to be operative speaking telephones.
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Iwas more concerned about taking out a caveat or patent than about
further experiments. I believed I had experimented sufficiently to
entitle me to a patent.

(Bell 1908:339; emphasis added)

In the event, Bell’s confidence was somewhat misplaced. His instruments turned
out to be operative listening telephones, i.e. receivers. They were never to work
very well as transmitters.

Gray, on the other hand, built nothing but was on conceptually sounder
ground, at least as far as the transmitter was concerned, and was clear about his
telephonic intentions. There was no talk of harmonic telegraphy in the caveat. It
can be strongly argued that as far as telephony was concerned Bell too should have
petitioned for a caveat. These confusions were confounded when a year later Gray
wrote, to Bell in words he was increasingly to regret: ‘I do not, however, claim
even the credit of inventing it [the telephone], as T do not believe a mere
description of an idea that has never been reduced to practice—in the strict sense
of that phrase—should be dignified with the name of invention’ (Prescott
1972:458).

It is true that originally patents were granted to people who, in terms of the
oldest statute on this matter, that of the republic of Venice, 1474, ‘build any new and
ingenious device in this City’ (Congress 1964:11; emphasis added). The statute was
designed to give to practical innovators exactly the protection given by copyright to
authors (or rather publishers). It arose simultaneously with the introduction of
printing and the earliest surviving patent was granted to John of Speyer exactly for
the introduction of movable type into Venice. A century later the concept reached
the Common Law, was conformed to the pre-existing English system of grants from
the crown, in the form of an open (or patent) letter for a monopoly, and was first
codified in 1623 as the Statute of Monopolies. As the law developed, Patent Offices
were established—that of the United States in 1790—and build was glossed to
include processes. The patent system under which Gray and Bell were operating
required either partial or full specifications of the contrivance, not the contrivance
itself nor proof that it really worked. Gray’s scrupulous disclaimer was therefore
quite unnecessary in law. His was not ‘a mere description’, although such would
have sufficed, but a rather more fully described system than Bell’s, yet he chose to
register it as a partial innovation while Bell claimed his partial innovation was
complete. Boldness (and, as is explained below, some bureaucratic help) was to
carry the day.

Both Bell and Gray met one essential patent requirement, that the contrivance be
useful. The issue is which of them met the other essential, that it be novel. It is
obvious from this account that the ideation of telephony was within the state of art

at this time and not dependent on advances in any technological or scientific area.It

42



BEFORETHE SPEAKING TELEPHONE

should therefore come as no surprise that the indefatigable Du Moncel, in his
exhaustive catalogue of early workers, mentions that neither Bell nor Gray was first

with the liquid version of variable resistance:

It is a curious fact worth recording here, that Mr. Yates of Dublin, in
1865 when trying to improve Reiss’s telephone, realised to a certain
extent Mr. Gray’s concept of the liquid transmitter for he introduced
into the platinum contacts of Mr. Reiss’s instruments a drop of water,
which adapted it for the reproduction of articulate sounds. However no
notice was then taken of this result.

(Moncel 1879:59)

So much for the idea of the telephone. What of actual machines?

PROTOTYPES: ELECTRICAL SPEAKINGTELEPHONES
BEFORE 1877

Mr Yates was tinkering with the device that was to cause Bell even more
trouble than Gray’s caveat, a widely known apparatus called a ‘telephone’, the
creation of Philip Reiss. ‘Probably the physics laboratory of every well-
equipped college in the world had one in 1870, according to Thomas Watson
(Watson 1926:167).

During the prototype phase, apparatus will often already be to hand, serving
other purposes—a parallel prototype, in my terminology. This would be the case
with radio, where Marconi first utilised Hertz’s coherer, or television when Rozing
adapted the oscilloscope. Here in telephony Reiss’s contrivance is a parallel
prototype of the same type. It is in fact a kind of ‘invention’ in a line of devices,
technological performances, all designed to demonstrate one or another aspect of
wave theory. The supervening necessity for these machines was the need to validate
Helmholtz’s theoretical discussion of waves.

In 1860, by putting together the noise-emitting electromagnets of Page with the
vibrating diaphragm of Scott’s phonautograph, Philip Reiss created, for the
advanced study of electromagnetic phenomena, a ‘telephone’. He was a teacher in
Frankfurt who seemed to have been aware of both Helmholtz’s early formulation of
a sound wave theory, knowing perhaps of a popular lecture given by Helmholtz
three years previously, and Bourseul’s outline of an electric telephone on ‘makes
and breaks’ principles. Reiss built a sounding box with a speaking tube attached to
one side. In the top of the box was a large circular opening, across which was
stretched a membrane. At the centre of this was fitted a thin disk of platinum. A

metallic point rested above the platinum—a hinged ‘movable lever touching the
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membrane’. At its other end the lever acted upon a morse key whose impulses were
sent via an electromagnet to a receiver (Moncel 1879:16, Kingsbury 1915:128-30).

Reiss knew about waves but did not know how to impress sound waves on an
electrical current. He did not in effect understand the need to vary the carrying
current by means of a variable resistance mechanism. Nevertheless, the Reiss
transmitter had a number of sophisticated features, the most important of which
was that it relied on a single diaphragm. It also used electromagnets to create a
constant current upon which the endlessly making-and-breaking signals of the
morse sender could react. Despite these severe limitations, it was close to being a
working telephone and a rich source of inspiration. Reiss himself made three other
variations and Mr Yates was but one of many copyists. In 1868 a refined Reiss
telephone was demonstrated by a singer at the Cooper Union, New York: “The vocal
airs were faithfully reproduced but rather weak and nasal’ (Moncel 1879:21).
Throughout the 1860s other scientists improved the device, normally by doubling
the coils in the receiving box or increasing the reverberations in the sending box by
means of partitions. Elisha Gray was among this number.

Gray had a distinguished career as an innovator, with major advances in
facsimile telegraphy to his credit. In 1869, he founded Gray and Barton, a
telegraphic equipment manufacturing firm in Cleveland, which was to become
Western Electric of Chicago. Obviously as a supplier to the telegraphy industry,
Gray would gain tremendous commercial advantage with the marketing of a
multiple harmonic telephone and Reiss’s apparatus seemed an attractive jumping-
off point. Backed by an entrepreneur who had made his fortune in dental supplies,
Gray began serious work on this project in 1874. In April he constructed a
transmitter on a diatonic scale, which he began demonstrating in May. By
December 1874, Gray had sold the device to William Orton of Western Union,
with whom he anyway had a close working relationship, and had filed for a patent
on this harmonic or musical telegraph (or ‘telephone’). The patent was granted in
February 1875. Apart from its telegraphic importance, it was complex enough,
when fitted with a range of vibrating disks arranged in a scale, to be ‘a new kind
of instrument’ upon which a piece of music, at least from the accordion or
harmonium repertoire, could be played.

So important to Gray was this harmonic telephone that its exploitation distracted
him in his patent battle with Bell. He had been told in February 1876 of the
existence of a rival telephone scheme, as the law on caveats required, and had
learned in March its details and that Bell was the patentee. In May 1876, he took his
harmonic telephone to the Philadelphia Centennial Exhibition where he met Bell.
The following month he constructed a model of his speaking telephone and in
November finally made the one exactly specified in his caveat (Prescott 1972:457).
Gray’s inactivity is difficult to explain. Perhaps the fact that Orton and therefore

Western Union were uninterested in telephony at this point contributed and
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perhaps he, like Bell in 1874, was inhibited because of telephony’s poor reputation.
For instance his Western Electric partner, Enos Barton, went on record as saying: ‘I
well remember my disgust when someone told me it was possible to send
conversation along a wire” (Brooks 1976:83).

Bell, who had emigrated from Scotland and had established himself in Boston as
a teacher of the deaf in 1871, knew that Gray was demonstrating a machine. He
produced an alternative harmonic telegraph which worked well enough for him to
convince the parents of two of his deaf pupils that he might have a device in sight.
Thomas Sanders, in whose mother’s house he was lodging and whose son he was
teaching, joined the lawyer Gardiner Hubbard in an informal arrangement backing
Bell. (The relationship went beyond business. Hubbard’s daughter, Mabel, then a
teenager and also deaf, eventually married Bell.) Money in support of the project
was forthcoming following Hubbard’s search of the patents in October 1874,
because Gray, despite growing publicity, had still not yet filed on the musical
telegraph. Bell was well aware of the threat that Gray posed to his work and he
wrote to Hubbard and Sanders in November 1874 that ‘It is a neck and neck race
between Mr. Gray and myself who shall complete the apparatus first’ (Brooks
1976:43) This is again a little disingenuous since Gray was many months further
advanced. However, Bell did manage to patent an harmonic device. More
importantly in the course of subsequent development work, on 2 June 1875, an
accident occurred that was to lead directly to the first telephone patent.

Despite the references in the May 1875 letter to a continuous current and
variable resistance, nothing of the sort had been built into the devices with which
Bell and Watson were tinkering. Then Watson accidentally created such a current
when one of the tuning reeds malfunctioned and he flicked it manually—and in the
other work room Bell heard the echo of the twang. Watson’s account will serve to

indicate the importance attached to this event by the Bell interests:

The twang of that reed I plucked on June 2nd, 1875, marked the birth
of one of the greatest of modern inventions, for when the electrically
carried ghost of that twang reached Bell’s ear his teeming brain shaped
the first electric speaking phone the world has ever known. The sound
of that twang has certainly been heard round the world and its vibration

will never cease as long as man exists.
(Watson 1926:68)

Bell thought again of the single membrane of the phonautograph he had been
working on in 1874 and overnight Watson built to Bell’s specification the
gallows telephone, so called because of the shape of its wooden frame. In it an
armature was mounted so that one end was attached to an electromagnet while

the other rested in the middle of a stretched membrane. In the transmitter a
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cone directedsounds towards the membrane; in the receiver the cone was
reversed to collect sounds coming from the membrane. Using this apparatus
Watson ‘could unmistakably hear the tones of his [Bell’s] voice and almost catch
a word now and then. Bell was disappointed with this “meagre result” (Watson
1926:71; emphasis added). By July, according to Bell, ‘Articulated sounds
were...unmistakably transmitted, but it was difficult to make out what was said’
(Bell 1908:338).

But Bell was under considerable pressure. Gray was marketing the device Bell
was supposed to be inventing and his backer, Hubbard, was denying him Mabel,
with whom he had fallen in love, until he came up with something. After the day of
the twang, Bell and Watson abandoned tuned reeds and switched to magnets,
thereby producing the contrivance which was patented as an ‘Improvement in
Telegraphy’ the following year. Patent #174465 issued on 7 March 1876

proclaimed:

My present invention consists in the employment of a vibratory or
undulatory current of electricity in contradistinction to a merely
intermittent or pulsatory current and the method of, and apparatus for,
producing electrical undulations upon the line wire.... The advantages I
claim to derive from the use of an undulatory current in place of a
merely intermittent one are, first, that a very much larger number of

signals can be transmitted simultaneously on the same circuit.

(Bell 1908:458)

No mention of speech. The fact that Bell claimed this as the first speaking telephone

is contained in the following, some pages further on in the patent:

I desire here to remark that there are many other uses to which these
instruments may be put, such as the simultaneous transmission of
musical notes, differing in loudness as well as in pitch, and the

telegraphic transmission of noises or sounds of any kind.

(Bell 1908:458-9)

Again, no specific reference to speech. Indeed why would there be, since ‘no really
convincing demonstration of the transmission of audible and recognisable speech
was made before the deposit of the specification’ (Kingsbury 1915:46).

As it was lodged, the body of Bell’s text contained no reference to variable
resistance either. Instead Bell thought to produce ‘undulations in a continuous
voltaic battery circuit by gradually increasing and diminishing the power of the
battery (Bell 1908:460). It is only in a ‘For instance’, added in the margin, that the

clearest reference to variable resistance and a liquid is found:
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For instance, let mercury or some other liquid form part of the voltaic
circuit, then the more deeply the conducting wire is immersed in the
mercury or other liquid, the less resistance does the liquid offer to the
passage of the current.

(Bell 1908:457)

The most serious attack mounted against Bell questioned the validity of these
crucially important marginalia some years later when the official concerned, Zenas
Wilbur, confessed before a congressional inquiry that he had illegally informed
Bell’s Washington attorneys of the contents of Gray’s caveat, not just, as was
required, of its existence. But the supposition that Bell had added the references to
variable resistance after receiving this information remained, in a case involving
Gray that went to the Supreme Court, unsubstantiated.

Yet Bell never really satisfactorily explained why he had not even toyed with
liquid transmitters earlier, nor had he included a fuller description of variable
resistance in the body of the patent. Bell told the court: ‘Almost at the last
moment before sending this specification to Washington to be engrossed, I
discovered that 1 had neglected to include in it the variable resistance mode of
producing electrical undulations, upon which I had been at work in the spring of
1875 (Bell 1908:86). But the May 1875 letter was concerned with stretched
wires, not mercury. Moreover, Bell had been summoned to the Patent Office on
26 February to explain certain points of similarity between his latest January
patent application and the one he had been awarded for the harmonic telegraph a
year earlier. After this visit at the latest, Bell knew, and admitted as much in a
letter to Gray dated 2 March 1876, that the latter’s caveat ‘had something to do
with the vibration of wire in water [sic]” (Bell 1908:433). Bell satisfied the
Examiner that his current application was wholly new, which resulted in the grant
of 7 March; but the presumption remains that Bell re-examined the document he
had signed the previous January after he knew of Gray’s vibrating wire. What has
never been established is whether or not he actually added the variable resistance
note at that time.

Bell could have avoided the implication of fraudulent practice if he had had
another copy of the document with the variable resistance clause inscribed, which
antedated the disclosure of the Gray caveat. There was indeed another such
document, the copy prepared for deposit in Britain. Bell’s application had been
returned to him by his lawyers for signature on 18 January 1876 and he handed
over the copy to a friend, George Brown, in New York a week later. Brown was to
take it to London yet Bell, ‘by some accident’ forgot to add the variable resistance
clause to this version as well. (The copy was never deposited because of Brown’s
‘fear of ridicule’ which caused him not only to fail to lodge the document but to

lose it altogether.)
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In short, Bell had patented mercury ‘or some other liquid’ but had then
abandoned the entire liquid transmitter technology, although it worked while his
magnetos did not. He had never conducted a liquid transmitter experiment prior to
March 1876, when he had learned of Gray’s idea. He had never mentioned the
possibility of such a transmitter anywhere except in the margin of Patent #174465,
supposedly written before 18 January. He had forgotten to include variable
resistance twice, in both the original and the English copy. He was in Washington in
the Patent Office late in February and had the opportunity to amend his submission.
Finally, the combination of liquid transmitter and magneto receiver dramatically
improved the meagre results achieved with magnets alone. The upset acid was quite
forgotten by Bell ‘“in his joy over the success of the new transmitter when I told him
how plainly I had heard his words, and,” wrote Watson, ‘his joy was increased when
he went to the end of the wire and heard how distinctly my voice came through’
(Watson 1926:78).

Yet, despite this success, in the late spring of 1876, work resumed on magneto
transmitters alone. The developed contrivance looked in section somewhat like a
squat revolver of enormous bore, its barrel being the speaking cone (Fagen
1975:12). A new receiver was also built. It was in the form of a cylindrical iron
box wherein a coil of wire was wound round a central core, making an
electromagnet. An iron lid fixed to the top acted as the diaphragm. These devices
were demonstrated in May to the American Academy of Arts and Sciences and at
MIT. The decision was made to take the apparatus to the Philadelphia Centennial
Exhibition. Watson made a number of instruments, a membrane transmitter
(which became known thereafter as the Centennial single pole telephone), a
variant designated the Centennial double pole telephone, an iron box receiver and
the liquid transmitter which was also taken to the show (Kingsbury 1915:49). On
25 June 1876 (the day of Custer’s last stand), the speaking telephone was
demonstrated for the first time to the public which fortuitously included Dom
Pedro, the Emperor of Brazil, and Kelvin. It worked well enough for messages to
be understood, but the distance was short and the utterances needed to be clichés
like ‘Mary had a little lamb’.

As Norbert Wiener pointed out, clichés contain less information than great
poems and, being largely redundant (in Information Theory terms—see p. 153), can
be effectively guessed at (Wiener 1954:31). Bell understood this too:

familiar quotations—Iike “To be or not to be,” etc.,—counting—Ilike 1,
2,3, 4,5, etc.,—were very readily understood. But expectancy had a
good deal to do with this, as language read from a book was not, I
think, as a rule, understood, although a few words could be made out
here and there.

(Bell 1908:93)
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Kelvin, speaking in Glasgow upon his return, attested that he heard “To be or not to
be? There’s the rub’ [sic] and ‘some extracts from the New York papers’. “This
discovery,” he went on, ‘the wonder of wonders in electric telegraphy, is due to a
young fellow-countryman of our own, Mr. Graham Bell, a native of Edinburgh, and
now naturalised in New York’ (Moncel 1879:37).

Most of the cases fought over the Bell master patent were worthless, the
protagonists, naked adventurers who came forward claiming, typically, to have
produced a telephone out of tin cans and broken cups at one point or another in
the 1850s (Rhodes 1929:207-10). Given its shaky technological base and its
eventual enormous value, it is scarcely surprising that the patent should have been
so hard pressed; it was to the Bell empire, the world’s richest enterprise, what
the Decretals of Constantine were to the Roman Church. The patent war is the
first element of the operation of the ‘law’ of the suppression of radical potential
as it applies to telephony. It was occasioned not by technology per se but more
because the patent had been awarded to a partial prototype system. It was a
premature licence and that alone encouraged litigation. Since ‘lack of novelty is
fatal to a patent’, Gray’s caveat and Philip Reiss’s apparatus were the greatest
dangers.

Gray was, in effect, bought out. In the first years of Bell’s publicising the
telephone, he abided by his letter and never claimed the technology. Eventually he
made his personal peace with the National Bell Company, with the receipt of an ex
gratia payment of §100,000. Even more significantly, he contracted his company,
Western Electric, to become Bell’s sole equipment manufacturer, an arrangement
which was to survive the better part of a century’s anti-monopoly attacks by the
US Justice Department. Only patent official Wilbur’s revelations more than a
decade later stirred him to contest the issue. But by then it was too late and his
claim failed.

The efficacy of the Reiss device as a speaking telephone was most extensively
examined in a case brought in 1881 by the Bell Company against Amos Dolbear,
Professor of Physics at Tufts College, for infringement of Bell’s patents. Dolbear had
assigned his own patents for a telephone to the American Speaking Telephone
Company, a subsidiary of Western Union (Rhodes 1929:210). Dolbear’s defence to
the suite was that Bell’s patent of February 1876 was improperly awarded since the
device described would not work and that Reiss’s unpatented device of 1860 would
work just as well. The Reiss machine was tried in open court and was generally
reported as an utter failure. But this must be placed in context. In court, of the
hundred things uttered into the Reiss telephone, only about fifteen could be guessed
at and only about half of those were right. Poor though this was, it was not an
‘utterly unintelligible rattle’ as Watson (and most others) would have it (Rhodes
1929:210). Equally, the other Dolbear contention, that the gallows telephone did

not work, has, as I indicated above, some considerable merit.
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All this is not to claim that the Reiss device worked and the first Bell telephone
did not. Rather, it is to call attention to the somewhat overstated claims as to the
difference in performance of the two machines which was no doubt engendered by
lawyers representing interests which were already worth millions by the 1880s.
National prejudice in this age of high imperialism also played a role. For instance,
the great scientist Lord Kelvin (who although born in Belfast had lived in Glasgow
from the age of 8) claimed Bell for Scotland and pronounced his machine a ‘daring
invention’ (Moncel 1879:37). One US judge, convinced of the superiority of the
Caledonian/American over the German device, ruled that ‘a century of Reiss would
never have produced a speaking telephone by mere improvement in construction’.
This overstated and modern experimentation with the Reiss telephone reveals just
how close he had come.

The essential question is, ‘How close did he want to come?’ That he called his
device a telephone means very little given the common German usage of that term
in the nineteenth century. It does, though, seem likely, that (as some Bell partisans
claimed) ‘Reiss was not looking for the small still voice’. Instead he was seeking to
demonstrate the reproduction of an undulatory sound wave by electricity, possibly
with a view to amplifying it. Be that as it may, the point is that Reiss’s telephone,
the various harmonic telephones (or telegraphs), Bell’s and Gray’s liquid
transmitters, the Centennial single pole telephone, the double pole and the iron box
receiver were all prototypes, and partial prototypes at that, for the speaking
telephone.
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THE CAPTURE OF SOUND

SUPERVENING NECESSITY: THETELEPHONE AND
THE OFFICE

It is unlikely that Philip Reiss, researcher into Helmholtz’s wave theory, was
particularly looking for a system to transmit the human voice. Physics, as the
supervening social necessity in play, did not require it. Indeed, there was no clearly
defined need for such a thing in any sphere, although as the middle decades of the
century progressed one did emerge. The single major factor impacting on a whole
range of technological developments in these years, including telephony, was the
legal creation of the modern corporation.

The limited liability company first came into its own in the years after the Civil
War in America or, in Britain, after the Companies Act of 1862. These refined
commercial operations necessitated the modern office and the building to house it.
Up to the 1870s, even in the USA, five-storey streetscapes were the norm. The
tallest building in the world in 1873 was the Tribune office in New York. It had
eleven floors (Leapman 1983:50). The seventeen-storey Mondanock building was
erected in 1881,

This age found its form, as early as the 1880s in America, in a new type
of office building: symbolically a sort of vertical human filing case, with
uniform windows, a uniform facade, uniform accommodations, rising
floor by floor in competition for light and air and above all financial
prestige with other skyscrapers. The abstractions of high finance
produced their exact material embodiment in these buildings.

(Mumford 1966:609)

This in turn accelerated the introduction of the geared hydraulic passenger
elevator (C. 1885),' the typewriter (patented first in 1714 but only appearing in

its modern shift-key form in 1878), the modern mechanical desk calculator
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(1875) and the telephone (finally perfected between 1876 and 1879). In step with
all these developments was the emergence of the legal entity called the limited
company.

In the common law, chartered joint stock companies first appeared in the
1390s as the legal creations of the crown. Charters were difficult to obtain, costly
and, from the point of view of the partners, difficult to control. By the eighteenth
century such companies were seen as a ‘common nuisance’ tending to ‘the
common grievance prejudice and inconvenience of His Majesty’s subjects or great
numbers of them in trade, commerce or other lawful affairs’ but markets in their
shares were well established. The need for something more efficient was another
consequence of the coming of the railway and the insatiable need for capital
thereby created: ‘The railways greatly advanced joint-stock company development
both by their example and by the demand they induced in potential investors in
other enterprises for railway-type security of investment’ (Dyos and Aldcroft
1974:203). In 1837 a report on the law of partnership proposed that all
companies which so wished could be incorporated by publishing their objects and
constitution in a register established by the state for that purpose (Harding
1966:376). This was implemented in 1844 at the onset of the first major railway
boom. The concept of limited liability was introduced in 1856 and the entire law
of companies was consolidated in an act of 1862 which remains the basis of
modern English practice.

Much the same pattern can be noticed in America, although the legal aspects of
the developments were somewhat more rapid. A charter of incorporation was
regarded as a privilege (or franchise in the Norman-French) in the first century of
the republic and franchises were awarded to run railways and ferries or to have sole
rights to trade in particular areas. Incorporation for ‘any lawful business’ was
allowed first in Connecticut in 1837, the pressure for such an opportunity coming
from the New England textile industry. However, before the Civil War, companies
were still held by relatively few sharecholders. The consolidation of small railways,
which began in 1853 with the creation of the New York Central, led to more
diffused ownership and, indeed, stock market battles for control in the 1860s.
‘Since the Civil War, the quasi-public corporation has come to dominate the railroad
field almost completely.... Following the lead of the railroads, in the last part of the
Nineteenth Century and in the early years of the Twentieth, one aspect of economic
life after another has come under corporate sway’ (Berke and Meons 1932:23, 129,
137). From the 1850s, the joint stock company was also to be found in Europe as
well as ‘a new kind of finance house’ which used the savings of investors too small
to engage in the stock market directly to buy shares in these new enterprises
(Henderson 1969:31).

The telephone, and all the other office devices, were born into a ‘Great

Depression’, an economic downturn which was to last until the early 1890s.
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Nevertheless, these technologies were also born into a world where
industrialisation was continuing apace. These were the years when cities in both the
US and UK got running tap water and gas lighting for the first time. In Birmingham
the mayor, Joseph Chamberlain, began the processes of municipal socialism—slum
clearance, sewage, water, street lighting, free libraries and art galleries. In America
between 1871 and 1881 the number of federal employees doubled to more than
100,000 (Brock 1973:418). By 1876 the American countryside no longer dominated
the economy. And, everywhere, the great age of imperial expansion dawned, funded
by the capital the limited companies facilitated. Between 1875 and 1900 the British
Empire, the leader of this process, increased by 5 million square miles and 90
million people (Cole and Postgate 1961:403).

The first telephone wire was erected in April 1877 by Charles Williams Jr to
connect his home in Somerville to his factory in Boston (Stehman 1925:4)
(Williams had employed Watson and owned the electrical workshops where Bell
conducted his 1875 experiments.) Although obviously the social uses of the
telephone were appreciated from the very beginning (Marvin 1988:87-92), the
relative utility of the technology for business as opposed to pleasure was reflected
in the lease terms. In the advertisement announcing the availability of the
telephone, the Bell Telephone Association stated: ‘The terms for leasing two
telephones for social purposes connecting a dwelling house with any other
building will be $20 a year; for business purposes $40 a year, payable semi-
annually in advance’ (Stehman 1925:7).

The first use of a telephone for news reporting was on 3 April 1877 when word
of one of Bell’s lectures was transmitted from Salem to the Boston Globe. The
proprietor of a burglar alarm system installed telephones so that his customers
could summon messengers and express service. Another early telephone exchange
(central office) connected a Boston drugstore with twenty-one local doctors. Bell
himself, in seeking investors, downplayed the private home and pushed the
telephone ‘as a means of communication between bankers, merchants,
manufacturers, wholesale and retail dealers, dock companies, water companies,
police offices, fire stations, newspaper offices, hospitals and public buildings, and
for use in railway offices, in mines and (diving) operations’ (Fagen 1975:17).

Prominent among the first 778 telephone users in the spring of 1877 were those
New York stockbrokers who, after they had realised its potential, had become early
customers of the telegraph companies and whose support had created Western
Union’s highly profitable Gold and Stock Telegraph Company subsidiary. In
Manhattan fifty years later, in the late 1920s, there were twice as many private
switchboard attendants in businesses as there were Bell central exchange operators
(Brock 1981:93). ‘Although we accept the telephone as a basic component of US
households, it was primarily a business tool during the first 50 years of growth. It

was not until after World War II that most houscholds leased a telephone’ (Carey
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and Moss 1985:4). The pace is even slower in other industrialised nations. For all its
obvious usefulness in the home, the telephone is a child of commerce, specifically of

mid-nineteenth century commercial developments.

‘INVENTION’: CREATING THETELEPHONE TO ORDER

The publicity at the Philadelphia Exhibition, the accident of the interest of Dom
Pedro of Brazil and Kelvin’s advocacy, as well as Bell’s not inconsiderable
effectiveness as a lecturer, inscribed the speaking telephone on public consciousness
as the latest technical marvel, but in terms of science and practicality it was,
throughout 1876, barely more than a toy. In the aftermath, Bell did nothing less
than set about ‘inventing’ a more practical, less toy-like system, one that would
operate efficiently but eschew any liquid variable resistance mechanism.

Using an improved metal diaphragm and more powerful magnets, Watson and
Bell created the magnet telephone which Bell patented, still as an ‘Improvement
in Electric Telegraphy’, in January 1877. Bell was offering it for sale by the
following spring (Fagen 1975:17). This further patent provided a securer
foundation for the Bell empire by clearly stating that, after multiple telegraphic
transmission, the invention’s secondary object was ‘the electrical
transmission...of articulate speech and sound of every kind” (Bell 1908:464). Bell
had now produced a viable receiver which was to prove a real obstacle to his
rivals, none of whom was able to develop an alternative; yet, as a transmitter, it
was still quite deficient. Some sense of its limitations can be gleaned from the

circular announcing its availability:

The proprietors of the telephone, the invention of Alexander Graham
Bell, for which patents have been issued by the United States and Great
Britain, are now prepared to furnish telephones for the transmission of
articulate speech through instruments not more than twenty miles
apart. Conversation can easily be carried on after slight practice and
with occasional repetition of a word or sentence. On first listening to
the telephone, although the sound is perfectly audible, the articulation
seems to be indistinct, but after a few trials the ear becomes
accustomed to the peculiar sound and finds little difficulty in

understanding the words.

(Stehman 1925:6)

This, it should be emphasised, is no hostile account of the apparatus but Bell’s own
advertisement. The race for a transmitter was still wide open.

Thomas Edison claimed independently to have noticed the variable resistance of
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substances under pressure in 1873, some years after the result was reported by the
French. It was not until January 1877, prompted by the work of Bell and Gray, that
Edison recalled his 1873 experiment. By mounting the diaphragm above a layer of
one of these substances—plumbago initially, although in Edison’s usual fashion many
materials were tried—which formed part of an electric circuit, Edison impressed
the sound wave form on to the electrical wave. The sensitivity of the telephone
transmitter was much improved. It was not, as was the case with Bell’s magnetos,
voice driven, as it were; one did not need to bellow, but it was even less distinct
than were the magnetos. Throughout 1877, Edison tried to improve performance
and at least ten other devices, variations of this technical theme, were produced and
included, since the technology is cognate, some which might be better described as
microphones (Prescott 1972:119-21).

The term microphone was adapted from an acoustical usage of Wheatstone’s (for
a species of stethoscope) by David Hughes. Hughes constructed a primitive machine
which consisted of nothing but two nails mounted on a wooden baseboard, attached
to the poles of a battery, with a third nail loosely laid across them which was
sensitive enough to acoustic vibrations to vary a current. He also experimented with
a carbon pencil mounted vertically in between conical depressions made in two
carbon blocks. A paper describing these experiments was read before the Royal
Society in London in May 1878 and ‘microphone’ was adopted as the term of art for
any acoustically sensitive loose contact device (Fagen 1975:66—7; Prescott
1972:142). That he was working on these lines at the same time as Edison was to be
of importance in the patent battle. Edison was to claim bitterly that the credit for
the microphone should be his.

Edison filed patents on the plumbago transmitter in 1877 and on the lampblack
version early in 1878. Now Orton, having spurned Bell exactly because he saw
telegraphy and telephony as distinct technologies and did not want Western Union
to be in the telephone business, changed his mind. He was driven by the threat
encapsulated in the enthusiasm of the New York stockbrokers, some of his best
telegraphy customers, for the new technology. In 1878, he moved to add Edison’s
carbon transmitter patents to the arrangements he had previously made with Gray
and Dolbear. Using these other patents and devices Orton established the American
Speaking Telephone Company to rival the emerging Bell Companies. Orton made
considerable inroads into Bell’s nascent business. On 1 May, the Telegraphic Journal
published the results of a test which found Edison’s device worked best and was
least subject to interference on the 106-mile long line between New York and
Philadelphia, thus confirming what the small market in telephones was also
demonstrating—carbon transmitters were superior. Before the patent interference
examiner, Edison went on record swearing that: ‘he never conceived the possibility
of transmitting articulated speech by talking against a diaphragm in front of an
electro magnet.” He went on that ‘he did most emphatically give Mr. Bell the credit
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of the discovery of the transmission of articulated speech by that principle’
(Prescott 1972:460). In other words, he had produced something different—and
better. He might as well be generous to Bell on this point (Bryan 1926:76).

But the system involved pirating Bell’s receiver via Dolbear’s improvements. A
legal attack on the telegraph company was mounted by the telephone company,
grounded both on the unlicensed use of magnetos and Bell’s marginal references to
variable resistance in the original 1876 patent. The fledgling Bell firm took on
Western Union, then one of the world’s biggest enterprises, and at the same time
sought a device that would use the variable resistance principle in a transmitter
without copying either Gray or Edison. Watson was deputed, in a manner normally
considered to be peculiar to the twentieth century, to ‘invent’ a non-liquid
transmitter. National Bell’s counsel advised that although he thought the master
patent could withstand Edison, using carbon would give hostages to fortune. Watson
had to produce a non-liquid and carbon-less variable resistance transmitter. This
daunting task, however, was less problematic than it seemed, for Watson had seen
the answer to Edison the previous summer.

Emile Berliner had arrived in the United States in 1870 as a 19-year-old. Six
years later, he was a clerk in a Washington DC dry-goods store. Among his
acquaintances was the chief operator at the fire alarm telegraph office. One night,
while practising ‘sending’, his friend told him, ‘You must press down the key, not

simply touch it.’

Then the telegraph man explained that in long-distance transmission,
where the resistance is high, the sending key must be pressed down
rather forcibly if efficient reception is to be assured.

“That’s why we use men exclusively for long-distance telegraphy...
because they naturally press down hard. They have a strong touch.
Women wouldn’t naturally press down hard and are therefore not
adaptable to long-distance work’.

(Wile 1926:745)

Berliner hypothesised that the greater the pressure, the more current passed over
the contact.

Early in April 1877, even as Edison was working with the plumbago apparatus,
Berliner built a soap-box telephone. He knocked the bottom out of a wooden box,
7X12 inches, nailing in its place a sheet-iron diaphragm. Above this was secured a
cross bar and a screw with a polished steel button on its end which passed through
the bar to rest on the diaphragm. On 14 April 1877, he filed a caveat, although the
apparatus clearly worked well enough to warrant a patent; but the caveat cost $10
and the patent $60. For a $12-a-week clerk there was no option. He began

negotiating with the local Bell Company in New York, which was not interested, so
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he saved enough money himself to file for his patent by June. Watson arrived at
Berliner’s Washington rooming house, examined the soap-box and pronounced: “We
will want that, Mr. Berliner. You will hear from us in a few days’ (Wile 1926:112).
Watson was quite clear as to why he was so enthusiastic: ‘I thought he might
antedate Edison...and advised Mr. Hubbard to make some agreement with Mr.
Berliner for the use of his invention.... We tried to make each other believe that
carbon transmitter wasn’t essential to our welfare but we all knew it really was’
(ibid.: 143). Berliner joined the National Bell Telephone Company in September and
was sent to work in Bell’s Boston lab. The soap-box was unstable but Berliner
perfected it while working with another scientist at the lab, Francis Blake, who had
himself been experimenting with microphones (Fagen 1975:70). Bell history
acknowledges that the patent is Berliner’s, but the transmitter is named for Blake
rather than for his more exotic colleague (Wile 1926:129). Berliner was to establish
himself as an independent researcher and, as such, went on to produce a sound
recording system he called the gramophone (see p. 61).

By 1879, progress was also being made on the other side. Dolbear, using a
condenser developed by Kelvin in 1863, produced a viable non-magneto receiver
(Blake 1928:18). Western Union and National Bell were in a stand-off position.
National Bell had the superior receiver, the real source of its strength, and had
acquired a comparable transmitter to Edison’s which might or might not be
sustained in the courts. Western Union had the advantages of its size and resources,
Gray’s caveat and a superior transmitter from Edison. Although it was relying on
Dolbear’s shakier claim to the magneto, it also had his condenser receiver. In
November 1879 the two companies reached an agreement. For the life of the Bell
master patents, i.e. until 1893 and 1894, the American Speaking Telephone
Company agreed to drop all actions against those patents and to hand over to
National Bell its own telephone patent rights. Western Union was not to enter the
telephone business. In return, National Bell agreed to drop its cases and to buy out
all the American Speaking Telephone’s subscribers and equipment, 56,000 ‘stations’
in fifty-five cities, as well as paying 20 per cent of each rental to Western Union. In
the fifteen years of the contract approximately $7,000,000 was to be handed over
(Stehman 1925:17n). In addition, Elisha Gray received his $100,000 and Western

Electric its monopoly deal.

SUPPRESSION AND DIFFUSION: THETELEPHONE
AFTER 1900

The suppression of the disruptive potential of any new communications technology
contains many elements—inertia, lack of vision, institutional constraints such as

those imposed by the patent system. The operation of the ‘law’ of the suppression of
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radical potential in telephony exhibits all of these at work, even inertia. Although
the Edison device was now available to it, the Bell system stuck with the Black
transmitter, making 340,000 of them in the 1880s. (Only 6000 magneto box
telephones, as described in Bell’s 1877 patent, were made.) The standardised
device, virtually the contemporary telephone, using carbon granules in a technique
patented by Edison in 1886, was developed by both Edison and Blake but only came
into production in 1895 (Fagen 1975:82-3).

Even more significant was the brake applied by the limitations of
entrepreneurialism. At the outset, thanks to the income generated by Bell’s
lectures, his backer, Hubbard, was able to make the momentous decision to rent
rather than sell the ‘station’ equipment, an idea he took from the practice of a
company he represented at law which rented shoe-sewing machinery to cobblers
and collected on every shoe processed (Langdon 1935:9). Yet overall, Hubbard,
like most others, saw the telephone business in a limited way as the installation of
single point-to-point pairs. Following the lead of Charles Williams Jr, 10,754 Bell
phones, largely in pairs, were placed in service by the end of the first year.
Nevertheless, most of those whom Hubbard approached to invest in telephony
saw little future in it.

Beyond this failure of vision, the most effective suppressive factor was the law
of patent. The original patent association of Bell, Watson and their two backers
was turned into the first Bell Telephone Company. Hubbard appointed agents who
placed the telephones, collected a percentage of the rental and often built the
lines connecting them as independent contractors. Western Union, the
organisation most directly threatened, took steps (as we have seen) to suppress its
new rival with a superior product: better Edison telephones. Hubbard was forced
to sue. He was rapidly running out of capital and finding it hard to attract more.
He created National Bell and secured the services of Theodore Vail to be its
general manager. Cousin to the Vail who had been Morse’s assistant, this Vail was
to be a critical figure in the development of American telephony. He arrived in
the summer of 1878 and immediately and dramatically improved the legal
situation. Exploiting the claimed priority of the recently acquired Berliner patent,
he brought a second legal action, an ‘interference’ against the Edison device. This
allowed Bell Telephone to begin to use its Berliner/Blake transmitters without
fear of a Western Union injunction.

Bell, who had finally been allowed to marry Hubbard’s daughter, Mabel in July
1877, went on a protracted European honeymoon. He was clearly uneasy about
these various legal battles and, on his return from Europe to give evidence in the
first of these in November 1878, Watson had to go to Quebec to escort him
personally to Boston, where he was promptly admitted to the Massachusetts
General Hospital for an operation (Watson 1926:151-3). He was uninterested in

corporate details and obviously had no reason to relish the legal attacks on his work
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and integrity. In the event he was to spend the next three decades defending
himself.

Orton, on the other side, also had difficulties and could not give his undivided
attention to the destruction of National Bell. Western Union itself was under attack
from one of the archetypal entrepreneurs of the period, Jay Gould. Moreover, Bell
did hold the master patents to at least half the system and, under Vail, was being as
deft as the telegraph company in acquiring rights to the other half. It was also
becoming clear that the telephone and the telegraph could live together, the one
being used for short distances and the other on longer routes. The corporate
situation by autumn 1879 therefore matched the technological one: It was a stand-
off. The deal detailed above, made out of court in November of that year, is a classic
expression of the ‘law’ of suppression in that it gave the established technology a
real interest in the exploitation of the new, melded the patents so that they could be
exploited effectively and rewarded Gray. The patents also worked to create a 15-
year breathing space.

The problems of technological diffusion after the operation of the ‘law’ of
suppression of radical potential are peripheral to this study. The disruptive
potential of the telephone in the world of communications was contained during
the period of the patent, as we shall see when we consider the development of the
telephone network (p. 248). So too were the social threats to the established
order which many commentators thought were posed by the telephone. Breaches
of the rules of propriety in conversation; the promiscuous possibility of the lower
orders, unseen, cheeking their betters; even the dangers of catching colds and
other diseases down the wire (Marvin 1988:81-97)—none of these came to pass.
As a destroyer of societal norms, the telephone was as nothing when compared
with the First World War. Socially as well as corporately, the telephone’s radical
potential was curtailed.

For example, in the late 1870s, microphones and loudspeakers were attached
to telephone wires for experimental purposes. A church service was brought to
the bedside of a sick person. In Switzerland an engineer relayed Donizetti’s Don
Pasquale (Moncel 1879:172). In 1884 a London company offered, for an annual
charge of £10, four pairs of headsets through which a subscriber would be
connected to theatres, concerts, lectures and church services. In 1889, following
the successful transmission of a comic opera, a Chicago telephone company
offered the same (Marvin 1988:212). In Paris and Budapest, all-day news services
were available. The London experiment lasted until 1904, but the telephone news
channels persisted into the inter-war years (Hollins 1984:35). There were many
other examples (Marvin 1988:209-231), but these services were technologically
futile, exploiting a potential that had actually already been designed out of the
system. The responsiveness of the telephone, once it worked at all, was

deliberately limited in the interests of economy. The less bandwidth taken, the
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more conversations could be accommodated on a single wire at a more
economically efficient cost. It was discovered that the human brain needs
remarkably little information in order to recognise a voice, a fact of which
telephones were to take maximum advantage.

Coupled with the non-provision of hi-fidelity (or anything remotely close to
it) was the failure to expand the interconnectability of stations even after the
development of the central office exchange; instead each subscriber could only
talk to one other station at a time. Making it possible for one subscriber to talk
to many others would have enhanced the telephone as a non-hierarchical means
of communication. It was not to be and the very construction of the network
system to limit telephony to one-to-one communication is therefore a mark of
its repression. That we allow broadcasting, a very much more inherently
centralised, undemocratic and controllable technology, to do this is the obverse
of that mark. Today, it is still by no means easy to establish multi-party
telephone link-ups. The telephone was a device designed to aid commercial
intercourse, not to redress imbalances in information power within society.
Indeed, as events in Poland during the communist counter-coup against
Solidarity in the early 1980s revealed, even the spin-off social use of the phone,
in which unsupervised conversations between only two stations can take place,
are sometimes too dangerous for the state to allow. The whole phone system

was shut down.

‘INVENTING’ A SPIN-OFF: THE RECORD

There is a most intimate relationship between the technologies of telephony and

recorded sound:

Mr Edison had a telephone diaphragm mounted in a mouth-piece of
rubber in his hand, and he was sounding notes in front of it and feeling
the vibration of the centre of the diaphragm with his finger. After
amusing himself with this for some time, he turned round to me and
said: ‘Batch [Charles Batchelor], if we had some point on this, we could
make a record on some material which we would afterwards pull under
the point and it would give us the speech back’.

(Chew 1981:2)

As he proceeded late in 1877 to put this idea into practice and, using waxed paper
as the recording medium, thereby ‘invent’ the phonograph, Edison was thinking of
message systems along the lines of the telegram. After all, some early telegraph

systems had relied on visible chemical tracing. Perhaps waxed paper recordings

60



THE CAPTURE OF SOUND

could be used by people without actual telephones to take advantage of the new
system via a network of central offices?

On 27 November, Edison produced a new design which was built during the
following week by mechanic John Kruesi. In it the wax paper had been replaced by
tin-foil and it was operational by 6 December and demonstrated to the editor of the
Scientific American on the following day. The first words, according to tradition, were
‘Mary had a little lamb’ and the first recorded voice was Kruesi’s. The device was
entirely mechanical. A drum, covered with tin-foil, was mounted on an axle which
could be cranked. As the handle turned the drum moved under a stylus which was
connected to a diaphragm. The diaphragm was mounted in a crude speaking/hearing
tube. Speaking into the tube while cranking the handle produced an helical
indentation in the tinfoil, an analogue of the sound pressure waves, via the
diaphragm and stylus. Playback simply required cranking the drum back to the start
position and allowing the indentations to vibrate the other way; that is, via the
stylus against the diaphragm.

There was not very much ‘eurcka’ about all this. The usual seventeenth-century
savant had dreamed about capturing the human voice in hollow cylinders and, as we
have seen, making sound visible was a well-established agenda item in a number of
research traditions. Most significantly, since 1855, the same essential principle
which Edison used for his phonograph had been applied in Scott’s phonautograph.
Even the term Edison used, ‘phonograph’, dated from 1863 (Chanan 1995:24).
These elements (and wave theory, of course) could be said to constitute the ground
of scientific competence for the phonograph.

It is therefore no surprise to note also that Charles Cros, an important
photography pioneer, published proposals for a non-electrical phonograph in Paris
on 10 October 1877, almost perfectly in synchronisation with Edison. Although
Cros patented the machine in May 1878, he never managed to make it work
(Chanan 1995:23). Emile Berliner, however, did. He worked for five years, living on
his Bell royalties. Using a thinly waxed platter of polished zinc, he applied acid as
the stylus cut the groove in the wax. This ate immediately into the zinc. On 12
November 1887, he obtained a patent for a gramophone, his term. He
demonstrated this system on 16 May 1888. The device with a library of 7-inch
platters was first marketed in Germany as a toy by Kimmer and Reinhardt (Chew
1981:17-19).

As this illustrates, there was some confusion as to what these machines were for.
Berliner’s, in its public guise, was a playback device only. (The children were, of
course, not trusted with the acid.) Edison’s machine, essentially a recording device,
was also something of a parlour toy rather than a serious medium and public
attention wandered. The telephone message idea was never really viable and, as an
alternative, by 1878, Edison was envisaging the phonograph as a substitute for a

stenographer. He also foresaw books for the blind, music, the preservation of
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language and pronunciation for various purposes and audio family records.
Recording telephone messages was now bottom of the list (Chanan 1995:3).

Bell agreed about the technology’s primary purpose as a business dictating
machine. The social need would then be the same as that driving the introduction of
the telephone, the calculator, the typewriter and the elevator—the modern business
corporation. Bell and a new colleague Charles Tainter improved the Edison design in
various ways. They returned to wax as the recording medium, but this time on
cardboard rather than paper and they introduced an electric motor to drive the axle
(Chanan 1995:25). (It was during this period of experimentation that the idea of
modulating light waves for signalling purposes was also explored giving rise to a
persistent rumour that Bell was ‘inventing’ television.) Bell’s backers had bought
into Edison’s phonograph patents but their approaches to Edison with a view to
establishing a joint venture were rebuffed and the Bell-Tainter American
Graphophone Company was founded instead. The first machines were sold in 1886
to Congress and Supreme Court reporters and a new front in the Edison-Bell wars
was established (Chew 1981:10-12).

These talking machines, though, lacked the self-evident advantages of the other
technologies of the office. For one thing, the mechanisation of stenography was by
no means a self-evident necessity, given the comparatively low cost of labour; and
for another thing, the machines were, when compared with stenographers, crude
and inefficient and still required transcription. This was still the case when the next
generation of dictating machines was developed in 1898 by Valdemar Poulsen.
Poulsen chose wire as his recording medium, following a suggestion which had been
published in 1888 (Nmungwun 1989:36). Poulsen returned to using
electromagnetic fields to impress the sound wave analogue on the recording
medium. The wire ran through the device at 10 feet per second. All in all, the
Poulsen Telegraphone (or Telephonograph, as it was patented in America) was a
great advance on the Edison/Bell-Tainter dictation machines, especially after 1902
when Poulsen and his partner, Peder Pedersen, discovered that applying a direct
current to the recording head, the principle of DC bias, greatly reduced distortion.

Poulsen was a telephone engineer and his motivation had been to produce a
device which could transmit recorded telephone messages at high speeds, thereby
improving efficiency. Hence the various names he gave his device. But this
emphasis on the recorded telephone call alerted AT&T to what that corporate
mind perceived as a real threat. If telephone conversations could be recorded, the
company’s reasoning apparently went, then people would become wary about
making them with disastrous results for the business. In one of the most extreme
cases of the suppression of radical potential noted in these pages, there is
evidence that the telephone company suborned Poulsen’s man in America, Charles
Rood, so that in the years up to the First World War and beyond he actively

worked to destroy the business he was supposed to be running (Nmungwun
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1989:43-8). The American Telegraphone Company failed and it was not until after
the Second World War that American interest in magnetic recording was revived
with the importation of Nazi magnetophon recorders built on Poulsen’s basic
principles.

However, even without such chicanery, the stenographic use of recording
technologies was not a powerful supervening necessity. That the telegraphone was
never widely adopted is the final proof of this. Instead, it was a phonograph agent,
Louis Glass of San Francisco, who demonstrated a real social need for a recorded
sound device. In 1889, he attached coin-operated listening tubes to a phonograph
thereby both ‘inventing’ the jukebox and demonstrating that the real supervening
social necessity was not the office but the amusement requirements of the urban
masses. The Bell-Tainter people (The Columbia Graphophone Company) stepped up
the production of music cylinders and Edison became interested again, having more
or less given up in the 1880s.

It was into this American environment that Berliner introduced his gramophone,
the first grown-up versions of which were on sale by 1894. His initial design was
very much more in line with the emerging dominant function of the technology, i.e.
the playback of prerecorded music. In 1896, the first spring-driven gramophones
appeared and it was with the engineer who produced the motor, Eldridge Johnston,
that Berliner founded the Victor Company in 1901. Berliner and Eldridge clearly
understood, as Chanan puts it, that ‘a model of consumption’ was being established
‘which treated the record like a book, and not like, say, a photograph’ (Chanan
1995:28-9).

Partly because of this, the inevitable patent conflicts were quite easily solved.
Edison and Bell had not fought each other very hard over the stunted dictation
machine market and clearly Berliner had something of an edge. The patent pool
phase was reached in 1902, the year Caruso recorded the first ‘genuinely complete
satisfactory gramophone records to be made’ (Gelatt 1977:38). The non-electric
technology produced a limited acoustic response which favoured the strong human
voice and it is no accident that the earliest hit records were of singers. Caruso, who
was to make $2 million from his records by the time he died in 1921, had the first
million-selling disc in 1904 (Chanan 1995:5, 30).

These recording devices were spin-offs from the telephone research project but
they produced in the first decades of the twentieth century a major industry which
had profound cultural effects. The reasons were the strong push offered by the basic
supervening necessity, urban entertainment, and the excellence of the phonograph/
gramophone’s cultural ‘fit’. The gramophone extended the social circumstances in
which music could be consumed. As with the radio, the next technology to come on
line, recorded sound systems privatised the musical experience but did so in a
context where home music making, at least for the upper orders of society, had long
been established. Between 1902 and 1917 the US Victor Company’s value went
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from $2.72 million to $17 million. By 1914 there were eighty record companies in
the UK and nearly 200 in the US (Chanan 1995:54). Yet the 1920s were to some
extent to puncture this pre-electric bubble. Worsening economic conditions hit the
record industry particularly hard as did competition from radio, whose main
attraction, certainly at the outset, was exactly the same provision of music in the
home as records provided—but with rapidly emerging superior acoustic quality.

Without electricity these were all partial but accepted prototypes.
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WIRELESS AND RADIO

SCIENTIFIC COMPETENCETO IDEATION: FROM
SPARKTO WIRELESS

The radio is the clearest example in these histories of a machine already in
existence— ‘invented’—but not recognised as such. We have seen that the
physicists of the world were intent on demonstrating the truth of theories
promulgated by Maxwell and Helmholtz in the 1860s by using a variety of
laboratory devices and how these had impacted on the development of the
telephone, the phonograph and the gramophone (Figure 10). Their importance to
radio is even more pronounced.

Hertz had conducted a series of experiments between 1886 and 1868 to
demonstrate the existence of Maxwellian electromagnetic waves. He built a spark
transmitter (or inductorium) and another device variously described as a resonator,
responder, revealer, cymoscope or, more prosaically, a spark gap detector to detect
them. In the transmitter, two rods with a small ball at one end and a large plate or
ball at the other were connected to the terminals of a sparking coil. A spark was
created which jumped the gap between the two smaller balls creating an oscillating
current. The current produced electric and magnetic fields causing radio wave
emission. The detecting device was nothing more than a bent wire in either a
circular or square shape with a small break in it. The width of the gap could be
adjusted using a screw arrangement. When the inductorium sparked, a small visible
spark could be seen in this gap in the ring resonator (Phillips 1980:4—6). Despite
the crudeness of the apparatus, Hertz was able to demonstrate that these ‘actheric
radiations’ did have wave-like properties and could, for instance, be reflected or
refracted.

Hertz was not, of course, alone in this work. Curious electrical effects, the
distant magnetising of needles following a Leyden jar discharge or a lightening
strike had been noted in the 1840s. In 1875, Elihu Thomson of Philadelphia had

detected a spark between a sharp pencil point and a brass door knob whenever a
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sparking coil was operated about 100 feet away in another room. But the most
important and significant of these precursors to Hertz was David Hughes, the man
who created the microphone. Conducting a series of experiments in London
between 1878 and 1880, he had been working on one piece of apparatus, an
induction balance circuit, when he noticed that a faulty contact on this circuit
produced an audible noise in a microphone lying on the other side of the room.
Eventually he was transmitting 500 yards along Great Portland Street. On 20
February 1880, he demonstrated the phenomenon to T.H.Huxley, G.G.Stokes and
W.Spottiswoode, the president of the Royal Society. Stokes ‘rather pooh-poohed all
results’ and told him that his experiments revealed induction, which was well
understood, rather than the related and more mysterious phenomenon of radiation
and ‘left very coldly’.

Hughes, whose doctorate was in music not physics, was deterred by this snub but
his notebooks show that he was well aware of wave theory and the ether concept.
However, overawed by Stokes, he neither pursued the matter nor published his

findings. His work had been a by-product of other investigations. He himself was
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not otherwise rejected by the scientific establishment, being made an FRS that same
year (Blake 1928:39; Phillips 1980:2—4; Beck 1967:96—7). What had happened in
Hughes’s lab was the result of a radio wave being received in a device with a poor
electrical contact—his microphone. In the microphone, the loose contact between
the two conductors causes a very high resistance but an electrical current will
dramatically decrease this. This phenomenon, in connection with currents rather
than radiation, had been observed independently by scientists in 1835, in 1852 and
again in 1884. Hence Stoke’s disdain.

The most telling factor against the Hughes demonstration was that nobody had
thought of using radiation phenomena for signalling, or indeed for any purpose
other than theoretical physics experiments. Why would they, in a world blessed with
telegraphy where the telephone was a recent wonder? Radio was about as useful in
such an environment as the telegraph had been in a world of semaphores. There was
no supervening social necessity and, in consequence, Hughes is the Ronalds of radio
and all these machines are parallel prototypes—that is to say, they are perfectly
good physics research tools, fully ‘invented’ as such, but they are also prototypes
for the radio (or wireless) telegraph.

Over the next decade numerous researchers refined these experiments by
producing devices of ever greater sophistication as regards the adjustability of the
gaps. It was soon discovered that effective transmission of the radio wave
depended exactly on such adjustment—tuning—so that both parts of the
apparatus were, in the terminology of the day, ‘syntonised’, that is, tuned to the
same frequency. At Bologna University, to take one example of this work among
many, Augusto Righi created an elegant multiple spark gap using silvered glass
(Phillips 1980:10). Such contrivances were given a variety of names until Sir
Oliver Lodge coined the term ‘coherer’ and, in the English-speaking world, that
prevailed (Phillips 1980:19). Lodge built his first coherer with A Muirhead in
1889; but he was still responding to a purely scientific research agenda only.
There was no other identified need and nobody had, at least in public, suggested
their usefulness as signalling machines.'

The first published record of the idea of radio, specifically a radio telegraph, was
articulated by Sir William Crookes in 1892. A colleague of Lodge’s, he envisaged
‘telegraphy without wires, posts, cables, or any of our present costly appliances’.
He saw it as a person-to-person system and announced that ‘all the
requirements...are well within the possibility of discovery’ (Marvin 1988:156; Beck
1967:95). As Lodge’s coherer was already to hand, this was clearly the case.
Nevertheless, nothing happened for another two years. Ideation had occurred but a
supervening social necessity had not—or rather had not yet come into focus.

In August 1894, Lodge demonstrated a radio telegraph using his coherer at a
meeting of the British Association in Oxford. He sent a signal from the Clarendon

Laboratory some 150 yards to the University Museum. The University celebrated
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the centenary of this event with a plaque claiming, somewhat tendentiously as is
often the case with such things, that the Museum was ‘the site of the first public
demonstration of wireless telegraphy’ (Anon (Oxford) 1994:39). Yet, despite the
heavy prompt from Lodge’s friend Crookes, Lodge (who failed to patent the
coherer) and his audience did not appear to realise they had ‘invented’, or
witnessed the ‘invention’ of, any such thing. They were merely detecting radio
waves, a quite different matter altogether.

The honour of ‘inventing’ radio therefore goes to Marconi, not least because he
was consciously working on a signalling system. Although like Morse and Bell,
Gugliemo Marconi garnered other men’s flowers, nevertheless, as a student of
Righi’s, he was by that fact alone more of a scientist than were the ‘inventors’ of
the telegraph or the telephone. His one contribution to the development of radio
was also more grounded in science than was Morse’s code or any of Bell’s initial
devices. Following a hint of Mahlon Loomis, made as early as 1872, that electrical
signalling over long distances if possible would involve very tall aerials, in 1894
Marconi experimentally demonstrated that this was indeed the case. Using his
professor’s spark gap device and a Lodge-style coherer he had built himself, he sent
a signal over 1.5 miles through dint of raising the aerial he was using. As a result of
his experiments he was eventually able to articulate a law for distance in radio: ‘I
find that, with parity of other conditions, vertical wires twenty feet long are
sufficient for communicating one mile, forty feet four miles, eighty feet sixteen
miles, and so on’ (Fahie 1901:260). Wires attached to kites would probably allow
for messages to be sent transoceanically. His crucial contribution was not the
‘invention’ of radio as is conventionally understood but rather the discovery that
Loomis’ hunch was right: the taller the transmitting mast, the further the signal
radiated.

But Marconi did more than this. He also discovered a supervening necessity.

NECESSITY, DIFFUSION AND SUPPRESSION:
IRONCLADSAND TELEGRAMS

Marconi had British connections via his Irish-born mother and so decided to patent
his advances (as, accurately, ‘Improvements in transmitting electrical impulses and
signals’) in London, which he did in June 1896 (Beck 1967:95). According to the
fiftieth anniversary publication of the company that was to bear his name, this was
because he already realised the potential value of his device to shipping and he
wished to launch it in the country with the world’s largest fleet (Sturmey 1958:17).
His mother arranged for him to meet one of the most prominent scientists in the
field (then known as ‘electricians’), A.A.Campbell Swinton, who in turn led him to
the Chief Engineer of the Post Office, William Preece. After an initial
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demonstration on Salisbury Plain arranged by Preece, Marconi began talking to the
Admiralty.

In marked contrast to its attitude towards Ronalds’ telegraph, the Admiralty
was very interested in radio. Indeed, Captain H.B.Jackson was already
experimenting with coherers at sea. By September, he had met with Marconi and,
within two years, testing the wireless was an integral part of summer naval
manoeuvres (Beck 1967:96). The navy of the day, with its fleets of ironclads, had
so serious a need for long-distance wireless signalling that the usual conservatism
could not withstand it.

The first armour-plated vessel was a French wooden ship of the line refitted
with metal protection, La Gloire, in 1859. The USS Monitor followed in 1860 and
by 1863 the British were engaged in rebuilding the fleet along these lines. The
first British armour-plated battleship, the Devastation was laid down in 1869. It
was also the first naval vessel to have no sails. The third ship of this class was
the Dreadnought. Over the next few decades, such ironclads all over the world
became larger, faster and were ever more heavily armoured, increasing in size
from 10,000 to 20,000 tons. Their guns had a range of up to 7000 yards and to
avoid collisions they needed to steam into action 800 yards apart. This meant
twelve ships of the line stretched over 6 miles of sea which in turn caused a
major communications problem. Moreover, between 1815 and 1914, the only
serious naval engagements were between Russia and Japan and the USA and
Spain. Although these involved ironclads, they were one-sided encounters, so it
was difficult to know from experience what these developments might mean in
an actual open-seas encounter between the European imperial fleets. One thing,
though, was clear. The admiral could no longer sail in the van and communicate
by flag.

The development of the ironclad therefore created a signalling problem
exactly as the development of the railway had; and just as the telegraph began as
a solution to the railway’s problem, so the wireless telegraph began as a
solution to the ironclad’s. The only difference was that, if anything, the naval
need was stronger. In fact, of all the supervening necessities discussed so far,
this was the clearest and the most compelling. Naval machismo and imperial
posturing had produced enormous ships without any real consideration being
given as to how to fight them. Without the wireless, their usefulness in an
actual battle would have been very much curtailed. No wonder the Admiralty
abandoned its traditional obscurantism in favour of investigation and support.
Jackson was First Sea Lord by 1915.

Marconi and Jackson began intensive field trials and by the summer manoeuvres
of 1898 they were communicating across 60 miles of water. As these experiments
were being undertaken aboard British battleships, so A.V.Popov was doing the same

in the Russian fleet. Like most of his fellow researchers, Popov’s project initially
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had more to do with natural science than with communications. He had built a very
elegant device for the purpose of researching natural electric phenomena, such as
the detection of natural radio waves caused by distant storms. Nevertheless by 1896
he too was using his coherer to send messages between the Tsar’s ironclads (Blake
1928:65, 119).

This is not the end of wireless telegraphy’s watery connections. The earliest
widespread diffusion of the technology was at sea. In the first years of the
twentieth century, ships’ wireless was becoming common. It was used for weather
reports and, after 1901, by Lloyds to gather maritime intelligence. Marconi’s
endeavoured to maintain a monopoly over the technology by prohibiting
intercommunication between its stations and others using different equipment.
Lloyd’s was not alone in challenging this effort. They did it in court but other
nations resorted to diplomacy. The Germans summoned a convention which met
in Berlin in 1903 and agreed on the principle of free intercommunication
(Sturmey 1958:52-6).

The wireless telegraph served other more dramatic nautical purposes. The
most celebrated was the capture of the poisoner, Dr Crippen, fleeing to Canada
aboard the S S Montrose with his mistress Ethel Le Neve, after the ship received a
telegram about him at sea (Birkenhead n.d.: 240-1).” Equally dramatic was the
transmission of distress signals by ships themselves. A second world congress on
wireless telegraphy held in Berlin in 1906 agreed, among other standardisation
matters, that S O S would be the call signal. On the night of 14 April 1912, the
Titanic’s S O S was received not just by neighbouring vessels but by the Marconi
station on Long Island. The company’s young manager in Manhattan passed it on
to the White House. The publicity further enhanced the wireless as the
communication wonder of the age. (It also launched the career of David Sarnoff,
the manager in question, who was to be the founder of the Radio Corporation of
America and the father of NBC.)

By the time of the Titanic disaster, the wireless was a fully diffused maritime
technology. Indeed, the fact that an international congress had met to standardise its
use six years earlier is proof of that. Of course, it was without competition since no
other long distance signalling systems could be used at sea. However, uniqueness
does not of itself automatically overcome inertia—industrial conservatism and
commercial penny-pinching, for example. All that had happened in this case was that
these had been effectively overwhelmed by the quick and universal naval adoption of
wireless and its dramatic importance to safety at sea. Such factors, though, were
seen soon enough when Marconi sought to exploit the technology as an alternative
to wired telegraphy.

It was the possibility of using radio as an alternative to wired telegraphy that
attracted the GPO’s William Preece to Marconi in 1896. The General Post Office,

unlike its opposite number in the United States, had managed to extend its
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postalmonopoly over the telegraph and, to all intents and purposes, over the
telephone as well; but it had never enjoyed a monopoly of submarine cables.
Obviously, wireless telegraphy could at least put the GPO in competition for this
transoceanic business with the commercial firms that were exploiting cables. Not
only that: by helping Marconi, the GPO was giving itself a commanding patent
position worldwide. Preece himself was already interested in wireless waves and had
endeavoured to use induction currents to signal across the Solent in 1882 and the
Firth of Lorne to Mull in 1895. After putting Marconi in touch with the military, he
arranged for a first public demonstration in London which took place in December.
It was these events which finally galvanised Lodge to apply for a patent.

In April, Marconi was approached by an entrepreneur to set up a company to
further develop and exploit his technology. He felt bound to Preece but Preece
failed to convince the government that Marconi should be bought out. In June,
‘tired of kicking his heels on the inhospitable doorstep of the British Treasury’,
Marconi took the entrepreneur’s money. There follows the by now usual story of
patent conflicts, ill-will and slowed diffusion—and not just in the UK. The ‘law’ of
the suppression of radical potential can be noted in the sequel to Marconi’s first
widely publicised experimental shore-to-shore transatlantic transmission from St
Johns, Newfoundland to Poldhu, Cornwall, on 12 December 1901. The Anglo-
American Telegraph Company held the telegraphic monopoly from the (then
separate colonial) government of Newfoundland and exercised its rights in having
the Marconi people thrown off the island. (The government of Canada found
another haven for the experimenters.)

By 1911, the usual solution was arrived at. Marconi’s bought the Lodge patent,
promised to give business to Lodge’s company and hired the man himself as an
adviser. Given that it was also soon discovered that wireless was seriously subject to
atmospheric disturbance, these deals were enough to contain the challenge to the
transoceanic cables. Furthermore, there was also the question of privacy where the
wires across the landscape seem to have an advantage. Sending a signal to all
hearers, if you were not a sinking ship, was an aberrant, even revolutionary act.
(This was literally so in the case of the Irish who proclaimed the existence of an
independent Ireland in a morse message broadcast from the roof of the Dublin Post
Office during the Easter Rising of 1916. The Germans, too, had produced a news
bulletin in morse designed to be heard by neutral countries the previous year
(Karuppiahya 1996:9).)

For all these reasons, the wireless telegraph was less disruptive to existing
telecommunications industries than was at first, and all too typically, envisaged.
Following Marconi’s demonstration of 1896, it was commonly believed, as a
contemporary lecturer put it, that: “There is no doubt the day will come... when
copper wires, gutta-percha covering and iron sheathings will be relegated to the

museum of antiquities’ (Marvin 1988:157). Many of these materials arcindeed in
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the museum, but their modern-day equivalents are still providing us with wired
communication. The law of suppression, this time aided by atmospheric physics and
a widespread blindness as to the possibilities of what came to be called

‘broadcasting’, once again worked.

‘INVENTION’: FROM WIRELESSTELEGRAPHY TO
RADIO

Before the First War World there were a bewildering array of coherers, but most, as
the historian of these devices points out, ‘were intended simply to indicate the
presence or absence of signals in the receiving aerial’. Among them, however, were
thermal detectors, which had an added advantage. Because they ‘depended on the
fact that a current in a wire produces heat, they were also able to provide a
quantitative measurement of the received signal’ (Phillips 1980:150). Measuring the
heat measured the power of the signal. This and other phenomena connecting
electricity and heat had been observed for some time. For example, it had been
noted in 1873 that an electroscope would discharge in the presence of a heated
metal ball. This was the underlying principle of what came to be known as ‘the
Edison effect’.

Edison himself, after his contributions to telegraphy and telephony and his
production of the phonograph, was now the ‘Wizard of Menlo Park’, proprietor of
a fully fledged industrial laboratory—the ‘Invention Factory’. He next turned to the
problem of the electric light which had been a largely unrealised possibility ever
since 1808 when Humphrey Davy had demonstrated the ways in which electricity
could be made to produce illumination (Friedel and Israel 1986:7). Electric lights in
the form of arcs were understood but as Edison himself put it: “The intense light
had not been subdivided so that it could be brought into private houses’ (ibid.: 8)
For that he needed an incandescent system where the electricity is used to heat a
substance until it glows rather than a naked arc of electric energy. Incandescence
had also been demonstrated by Davy but the question was how to control the
destruction of the heated substance and make it sufficiently long-lived to be useful.
As he ploughed through a reported 6000 substances, Edison realised that the
solution lay less with these materials than with the environment in which they
burned. Perhaps they would destroy themselves more slowly in a vacuum? By
February, the lab had acquired a vacuum pump and Edison’s phonograph associates,
Kruesi and Batchelor, sketched the first lamp with a vacuum bulb-shaped glass
envelope (ibid.: 51). By October 1879, the team had put a carbon tread into the
bulb. Over the next two decades Edison would sell 24,000,000 of these ‘sewing
thread’ lamps.’

Melding this development (which involved passing an electric current through
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filaments in vacuums) with the experiments in wireless wave detection (which had
already produced the wireless telegraph) moved the whole radio-wave detection and
manipulation research agenda forward. In 1904, a professor of electrical
engineering at University College, London, Ambrose Fleming, built a variation on
the light bulb; that is, a vacuum tube which, by specifically exploiting the Edison
effect, turned an alternating current radio signal into a direct current capable of
activating a meter or telephone. Fleming had been working on these phenomena at
least since he was employed as an electrician by the Edison Light Company in 1884
(Beck 1967:101). The patent for this diode tube rested with the British Marconi
Company to whom Fleming was consultant.

Two years later, in Palo Alto, Lee de Forest added a third electrode in the form
of a grid between the cathode and anode of the Fleming valve to increase its
sensitivity. This was not simply another advance useful for the art of wireless
telegraphy and physics experiments. Other researchers, among them Armstrong, at
Columbia University, and von Lieben in Germany, realised de Forest’s tube would
amplify weak radio signals and enable longer distances to be covered. However, it
was Reginald Fessenden, a Canadian experimenter who had created an important
thermal detector in 1902, who quickly understood that de Forest had given him a
new tool. In December 1906, using triode tubes (or valves), he broadcast music and
speech from a wireless telegraphy company’s station in Massachusetts. ‘On
Christmas Eve 1906, ship wireless operators over a wide area of the Atlantic, sitting
with earphones to head, alert to the crackling of distant dots and dashes, were
startled to hear a woman singing’ (Barnouw 1975:13).

Significantly, Fessenden was at a site belonging not to market leaders, Marconi’s,
but to the Electrical Signal Company. Although Marconi’s owned the Fleming valve,
it was interested in its application for wireless telegraphy as a detector and amplifier
only. Similarly, the telephone companies, although they were interested in
transoceanic applications, were more immediately taken with the triode because of
its usefulness as an amplifier in land long-line repeaters, not as a way of getting rid
of the wires. By 1907 Fessenden was transmitting speech over distances of 200
miles. He had ‘invented’ the radio (as opposed to wireless telegraphy) but, ships’

wireless operators apart, nobody was listening,

IDEATION AND NECESSITY: THE IDEA OF
BROADCASTING

Getting beyond the idea of point-to-point communication was the real inhibitor
suppressing the potential of wireless communication until after the First World War.
Radio, broadcast radio, essentially involved not knowing in advance where signals

would be received. In other words, further exploitation depended on seeing that a
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major perceived fault of the technology, that anybody could listen, was actually its
raison d’étre. One did not have to be in danger of sinking or in the midst of a
revolution or a war to make use of this possibility; yet that possibility did not quite
add up to a supervening social necessity.

David Sarnoff, thanks to the Titanic a person of some consequence in the new
world of wireless, saw how it might. In this, though, he was not alone and not as
carly as his myth suggests; nevertheless he can stand as an emblematic figure in the
ideation transformation leading to radio. During the First World War, Westinghouse
had made the comparatively complex but compact SCR 69 and SCR 70 radio
receivers for the US Army Signal Corps. In 1920, Sarnoff and a colleague visited an
independent radio engineer who had perfected a uni-control radio that was simpler
to operate than the SRC 70. Sarnoff claimed he immediately saw that: “This is the
radio music box of which I’ve dreamed’ (Biting 1965:1017). Enlightened
municipalities, he had been arguing by the early 1920s, provided public
entertainment—for example, bandstands in parks, where any passer-by could listen.
Sarnoff thought this might be a model for broadcast radio but not in the local park;
rather he envisaged this as a ‘music box’ in every home. He had written to his
general manager at Marconi’s, anticipating sales of one million ‘radio music boxes’
at $75 the set within three years of the commencement of manufacture—$75
million (Benjamin 1994:325-35). Although there is some doubt as to exactly when
he did this, there is no question that he understood that within the culture music
was listened to collectively and radio would have to allow for that if it were to
become a mass medium.

There is also no question about the significance of military machines such as the
SRC 70 and the servicemen who had learned to use them. They constituted the
100,000, the corps of the amateurs whose continued interest created the world of
radio between the Armistice and 1920. They tended to use yet another type of early
receiver which relied on the principle of rectification and required considerable
finesse to tune. Rectifiers had a surprisingly long history. Frederick Braun, at the
University of Marburg in 1874, had demonstrated that a metal wire when placed in
contact with lead sulphide produced a device, a rectifier, that would conduct
electricity in only one direction. With this was ‘invented’ a tuned circuit which
could be adjusted to pick up the radio waves of a single frequency (Braun and
Macdonald 1982:11-12). Eventually a wide variety of combinations of substances
was to be employed and patented for this purpose. One crystal rectifier, marketed
before the First World War as the Perikon, consisted of ‘a brass point resting on the
surface (either rough or polished) of a piece of silicon’ (Blake 1928:89). Silica is
common in nature, being the second most abundant element in the earth’s crust, for
instance, as the principal ingredient of sand. Silicon itself was being produced
before 1911.

Many understood the technology and more than one worked out that sending
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one-way signals to an unknown number of receivers might constitute a new use for
it. For example, contrary to general understanding, the Marconi station in
Montreal, Canada was given a licence as XWA/CFCF and began a regular schedule
of transmissions in 1919. Across the border, Frank Conrad, who worked for
Westinghouse in Pittsburgh and had been the supervisor of the assembly line which
made the war time SCRs, began sending signals out, replaying phonograph records
from his garage near Pittsburgh on a regular basis to anybody who might have a
receiver within range. By 1920 Conrad’s boss became aware of the success of this
activity and removed him from the electrical switches production line on which he
had been put. He was instructed instead both to increase the power and scope of his
transmissions and to revive the SRC 70 assembly line. In November, KDKA became
America’s first radio station. By 1922, the elegant eighteenth-century term for
sowing seeds, ‘broadcasting’, was being applied for the first time to this new
application. (It was also initially applied, somewhat confusingly, to wireless
telegraphy and radio telephony as well; but this was to cease.)

The underlying supervening necessities behind various technologies, from the
creation of the mass-circulation press through the refinement of the organisation
of the popular stage to the appearance of the cinema, can be located in the needs
of an industrialised mass society. Across the 150 years of the rise of mass culture,
there has been concentration and standardisation of output and product (with a
strong assumption on the part of many observers that this has produced an
homogenisation of the consumers’ experience). Mass circulation newspapers
brought each and every reader the same iimwelt and, supposedly, the same thrill;
centralised booking and theatre ownership systems brought each member of the
audience the same act, the same spectatorial experience. The cinema mechanised
this spectacle (Winston 1996:32—7). The radio brought home this overall process
of homogenisation. The rising dominance of the nuclear (as opposed to the
extended) family and the provision of ever more comfortable accommodation for
that family, reaching even into the working class, had in effect created a further
movement to take these homogenised entertainments (except for people secking
mates) into the domestic sphere.

Sarnoff became an executive of the Radio Corporation of America (RCA)
which had originally been the British Marconi Company in the United States. The
new entity was created in 1919, by government fiat, by expropriating the British
owners. It was felt that, as a measure of national importance, radio ought to be
locally controlled. In fact, the 1912 Radio Act reserved takeover powers to the
US government in the event of war. At the behest of the navy, all Marconi radio
coastal stations were nationalised the day after declaring war on Germany on 7
April 1917. The navy tried to get this emergency arrangement transformed by law
into a permanent system of public ownership—a ‘Post Office arrangement’ once

again—but did not succeed. Instead, the government created an independent
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commercial company, RCA, to exploit the technology. Westinghouse, on the basis
of Conrad’s work, was invited to join in the ownership of RCA with General
Electric, AT&T and United Fruit. RCA, by the third year of the radio boom, had
sold $83 millions’-worth of sets, $8 millions’-worth more than Sarnoff had
apparently predicted. Radio, by 1922, was already a $60-million a year business
(Barnouw 1975:27-8).

SUPPRESSION AND DIFFUSION: VALVES/TUBES, FM
AND CARTELS

This flood does not offend against the model’s notion that new technologies are
always to a certain extent suppressed. It must not be forgotten that, when the
receiver market got off the ground, radio had been delayed for at least a decade,
given that the technology was available by 1907 and the first ‘broadcasts’ did not
take place until 1919. Only four of these years can be accounted for by the war. Of
more significance was the patent war over the valve, such conflicts always being a
sure sign that the ‘law’ of suppression was at work. In this instance, the row about
who had ‘invented’ the valve produced a series of legal wrangles as protracted as
those which had surrounded the introduction of the telephone.

De Forest’s valve had worked so brilliantly that ‘Fleming never forgave him.
It led to very much bitterness and endless litigation” (Sturmey 1958:33). The
reason was that they were very similar devices, so that Marconi, even with the
Fleming patent, could not make a real amplifying valve without de Forest’s
patent as well. On the other hand, de Forest could not himself build a triode
without infringing on Fleming and, later, Armstrong. The entire industry was
subject to considerable uncertainty because of the conflict between the diode
and triode tube until Fleming’s patent expired, significantly, in 1922. That year,
radio telephony experiments were resumed, leading finally to the provision of a
service primarily by the telephone interests. Even then, the valve patent case
continued until 1943 when, finally, the United States’ Supreme Court decided
that, despite the essential contribution of Fleming (and Armstrong), de Forest
had sole claim to the triode tube. The latter declared himself ‘the father of
radio’.

The radio system that swept the world in the early 1920s was capable of
considerable improvement and the failure to introduce refinements can be
considered another element of suppression. Edwin Armstrong, who had
contributed to the development of the valve as amplifier and had licensed his
advances to Westinghouse in 1911, now developed a relationship with Sarnoff’s
RCA. After selling RCA some further radio patents in 1922, Armstrong, as a
result independently wealthy, set about obeying a wish of the great man that a
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radio system less subject to interference, noise, be created. Armstrong continued
to work at Columbia University until, in 1933, he produced a signal of
preternatural clarity, at least to contemporary ears, by using a totally new system
of modulation.

If an analogue of the original, without digital sampling, is to be impressed on a
carrier wave, there are in essence only two ways in which it can be done. Either
the signal is modulated in strength or in frequency—AM or FM. (Digitalisation
raises different and more complex options.) The first radio system relied on
amplitude modulation. Armstrong produced a signal created by frequency
modulation but, at RCA, the great man’s needs had changed. The noisy AM radios
of the early 1920s now worked well enough for Sarnoff to be running a major
enterprise. At the height of the depression, RCA shed less than 20 per cent of its
employees and, in all the years of economic disaster, it made losses only in 1932
and 1933. Armstrong’s device was no longer needed and, worse, it now posed a
considerable threat. Sarnoff said FM was not just an invention but a revolution. In
the event it was a revolution that RCA did not want. Armstrong was asked to
remove his equipment from the Empire State Building (Barnouw 1975:40—1). The
battle for FM radio became, because of frequency allocation issues, inexorably
intertwined with the arguments about the development of television. One result
of that battle is that FM is used as the standard for television sound. Armstrong
sued RCA for royalties and spent a full year in the witness box being grilled by
corporation lawyers for his trouble. He gave in and authorised a settlement. All
his life, since 1911, he had been embattled, first with de Forest and then with
RCA. It proved too much for him. The money, $1 million, was paid to his estate,
for he had stepped out of his apartment window before a deal was finalised
(Barnouw 1975:78-9). FM radio had still not entirely vanquished AM in the last
decade of the twentieth century.

On the other hand, if the patent row and the FM fiasco indicate suppression, the
same patent row plus a dollop of national interests also forced the major players
into close agreements which facilitated the diffusion of radio in these early years.
We have seen how the American government, primarily at the behest of the United
States Navy, in effect nationalised the British Marconi Company and then handed the
exploitation of radio over to RCA. With the patent pool which was also signed, a
cartel-like arrangement emerged ensuring a stable market for sets. There remained,
however, the question of how to absorb the cost of providing programming, In the

1920s most commercial US operators

were hardly professional broadcasters in the modern sense of the term.
The majority were owned and operated by newspapers, department
stores, power companies, and other private concerns, and their raison

d’étre was to generate favourable publicity for the owner’s primary
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enterprise. Indeed, as late as 1929, few if any private broadcasters were
thought to be earning profits from the business of broadcasting,
(McChesney 1990:30)

This is how Sarnoff’s great rival, William Paley, started in radio—by advertising his
family’s cigar business. Advertising had been introduced by AT&T who, in secking
to treat the radio as just another sort of telephone, had come up with the concept of
leased time for commercial messages.

Paradoxically, the telephone company was in radio to protect its core telephony
interests. Protecting telephony was the essential rationale that lay behind the
establishment of the Bell Labs at this time. One of AT&T’s central functions within
the emerging Bell system had been to continue a serious programme of research
and development, a tradition that led to the merging of AT&T’s research arm with
Western Electric’s in 1907. AT&T had, more or less, destroyed or absorbed the
domestic telegraph companies, including the giant Western Union by the First
World War. It was not going to let any other organisation, brandishing a new
technology, do the same to it—hence the Bell Telephone Laboratories, founded in
1925. The Labs, for all their central contributions to the development of mass
communications, were not designed to be an engine of innovation, except in a
public relations sense, but rather an expression of constraint, of the operation of the
suppression of radical potential. Bell Labs’ primary interest in all new technologies
has been to secure the phone company by controlling at least some of the patents in
any new area. The patent system gave the telephone company a series of major
bargaining chips to be used, during the first century of its existence, in its evolving
relationship with the society it serves.

But the Labs were only part of Bell’s response to radio. It owned part of RCA
and by 1923 was hungrily eyeing the development of radio stations:

We have been very careful [said the vice-president charged with radio
responsibilities], up to the present time, not to state in public in any
way, through the press or in any of our talks that the Bell system desires
to monopolise broadcasting, but the fact remains that it is a telephone
job, that we are telephone people, that we can do it better than anybody
else, and it seems to me that the clear, logical, conclusion that must be
reached sooner or later in one form or another, is we have got to do
this job.

(Waldrop and Borkin 1938:172)

This upbeat approach led in that year to the ‘invention’ of commercial
sponsorship—toll broadcasting—at WEAF, the AT&T station in New York, because
selling airtime seemed exactly like selling telephone time (Hilmes 1990:18).
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However, programming proved to be a real bother—not a job for telephone people
at all. For example, it sacked one of its own early radio stars at the prompting of the
Secretary of State because the broadcaster had dared to criticise the politician. As
one AT&T executive wrote at the time, in conformity with Vail’s traditional
placatory and diplomatic approach, the phone company believed in a ‘fundamental
policy of constant and complete co-operation with every government institution
that was concerned with communications’ (Sola Pool 1983:121-2), and even, as the
incident reveals, a few that were not. All this was a long way from a culture of mass
media freedom of expression.

More than that, AT&T’s plan to treat radio channels like telephone lines was seen
by almost all other parties as yet another attempt to create a monopoly. “Monopoly’
and the threat thereof became, in the debate about broadcasting that raged in
America in the 1920s, a code expression for the phone company and its schemes. It
was only by threatening to exploit the cross-licensing agreements and to set Western
Union up as a rival radio network that the other members of the radio
manufacturing pool got AT&T to back off. By 1926 AT&T was prepared to give up
this approach to radio. It sold the New York station to RCA, at the same time
relinquishing its RCA stock.

Also influencing the situation was the chaos of station wavelength allocation.
The Secretary of Commerce, Herbert Hoover, had been doing this, against a
background of a series of conferences he had summoned of all interested parties,
but in 1926 a Federal judge had declared such action illegal. Many stations then
started to broadcast around the 100m wavelength since that was the most
effective part of the spectrum for contemporary receivers and 200 unlicensed
broadcasters came on air. Legislation was hurriedly prepared and passed as the
1927 Radio Act. It created the Federal Radio Commission (FRC) as the licensing
authority but for one year only. This was renewed in 1928 and became a
permanent arrangement in 1929.

Commercialisation was not the inevitable result of all this. Sarnoff himself had
thought of programming as a municipal responsibility and there were by this time
more than 200 educational broadcasters mainly attached to universities, the ‘true
pioneers of US broadcasting’ (McChesney 1990:30), demonstrating the viability of a
public service alternative. The FRC was endlessly admonished to protect them as it
set about sorting out the wavelength allocation mess, but it was dominated by
commercial interests and did no such thing (ibid.: 32). ‘The commercial
broadcasters actively cultivated the notion...that the status quo was innately
democratic and American and that even the consideration of alternatives was absurd,
if not dangerous’ (McChesney 1991:109). By 1934, when the FRC was replaced by
the Federal Communication Commission (FCC), a Rooseveltian agency to control
all aspects of telecommunication, the commercial nature of American broadcasting

was irrevocably established. The period of suppression was over and, once again, the
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American government had shown itself to be unwilling to intervene in a
communications system which had demonstrated an ability to make profits for
private interests.

Elsewhere, as with telegraphy and telephony, a different approach developed. In
Britain the government tackled both set manufacturing and programme provision at
the same time. Radio in the UK was in much the same basic legal situation as in
America. In place of the US 1912 Radio Act, the British had ratified the two Berlin
Conventions and, in 1909, had passed a Wireless Telegraphy Act requiring wireless
telegraphy stations to be licensed. The Act in effect nationalised all the Marconi’s
and Lloyd’s stations by passing them to the GPO. The precedent of the mails, which
had held for the telegraph and the telephone, was now applied to the wireless
telegraph. In practice, wireless telegraphy proved to be close enough to telegraphy
for the same solutions to be applied, namely an extension of the Post Office
communications monopoly except internationally where the Post Office was
prepared, of necessity, to be one player among many. Marconi’s was left with the
long distance, transoceanic business (Sturmey 1958:58-9).

Broadcast radio conformed less to this model. Nevertheless, when Marconi’s
built and began operating an experimental radio station at Chelmsford in 1920,
there was no question that, as with all wireless telegraphy stations, this enterprise
would be licensed by the GPO. As had happened with telephony, though, the
GPO’s involvement ensured caution and delay. Broadcasters were already active in
a number of European countries; but still the GPO hesitated to approve Marconi’s
as a radio monopoly. After all it had just spent two decades struggling to prevent
it from becoming a wireless telegraphy monopoly. At one point, the GPO even
offered to license a society of radio enthusiasts instead. By late 1921, though,
delay was no longer possible. A number of other radio equipment manufacturers
were applying for licenses. The Post Office responded by insisting that no more
than two entities would be allowed to broadcast to the general public and the
manufacturers therefore lined up either behind Marconi’s or Metropolitan Vickers
which was in partnership with Western Electric and had Westinghouse
connections. Post Office hostility to a perceived Marconi monopoly was dictating
a complex solution but in the course of negotiations with the radio manufacturers
it was eventually determined that one corporation collectively owned (RCA-style)
by the 300 or so firms then in the business would work just as well as two (BBC
Yearbook 1928:37).

The fundamental point of the exercise was quite clear. In the interests of
limiting disruption to the established wireless telegraphy market, all players in
that market were to become privileged players in the new radio market. Not only
that; the potential conflict of ownership over the new application of the
technology was contained by ensuring that wireless telegraph and telephone

entities were involved. Receivers would be licensed just as transmitters were and
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a fee would be charged for this. By manipulating the basis upon which these
revenues would be distributed, Marconi’s was forced into a real partnership with
its rivals. A Marconi monopoly was thereby avoided while at the same time a
system of structured development was imposed on the single licensee. The British
Broadcasting Company, which had already begun broadcasting from London,
Manchester, Birmingham and Newcastle in late 1922, received its licence on 18
January 1923 (Sturmey 1958:137, 145). It was to run for two years. These
arrangements for the BBCo were confirmed by the recommendations of British
broadcasting’s first committee of inquiry, led by Sir Frederick Sykes in 1923.
Sykes was asked, somewhat belatedly, what form radio should take in the UK. It
chose to confirm the BBCo as a fait accompli.

But in Britain, the question of private ownership still loomed large and the
renewal of the BBCo’s licence afforded further opportunity for argument about
this issue. Again a little belatedly, a second committee, chaired by Lord Crawford,
was convened in 1925. Received opinion holds that when the Crawford
Committee visited the USA, it was the cacophony of commercial stations which
confirmed it in the opinion that a unified public service offered a better solution.
But this is somewhat simplified. On the one hand, it must be remembered that no
American commercial broadcaster was obviously making money from
programming in 1925 and, conversely, the universities had established a precedent
for non-commercial educational broadcasting. On the other hand, the tradition in
the UK, prior to Crawford, was that communications systems would not be run
for private profit. Moreover, as Graham Murdock points out, several other factors
were also in play—echoes of a pre-war American debate as to the civic failings of
the commercial press, the idea that radio was a cultural amenity like libraries or
adult education provision (as Sarnoff believed), and the wartime model of running
essential services as public corporations (Murdock 1992:24, 26). Crawford once
again confirmed the main outline of the GPO’s dirigiste solution but proposed
converting the BBCo into a Commission authorised by Royal Charter. On 1
January 1927 the BBCo became the BBC, exactly as Crawford and John Reith,
BBCo’s chief executive wanted, except that the ‘C’ stood not for ‘Commission’
but for ‘Corporation’, albeit in a medieval rather than modern commercial sense.
The manufacturers who were BBCo’s sharcholders were paid off and a second
model for the organisation of an independent broadcasting system was placed
before the world.

These somewhat protracted developments allowed radio to take its place beside
other forms of recreation, notably records, the cinema (which was still mute
although not silent), the theatre (with its popular forms of variety, etc.) and the
newspapers. This happened albeit not without a certain amount of friction as these
various elements adjusted to the newcomer. These rubs can be seen as a species of

further negotiations designed to suppress radio’s potential for disruption.
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LIVING WITH RADIO

Radio had used recorded sound from the very beginning. Copyright in mechanical
recording had been, after a certain amount of difficulty, established by a Berne
Convention meeting in Berlin in 1908. Copyright Acts in the US in 1909 and in
Britain in 1911 established the royalty principle for recordings and a system of
compulsory licensing which allowed artistes to record whatever material they liked
providing they paid the royalty. In 1914, the American Society of Composers and
Publishers (ASCAP) was formed to collect these various revenues (Chanan
1995:35). The system for licensing radio use of recorded material was therefore in
place when, more or less a decade later, the radio industry was finally under way. At
the second of Secretary Hoover’s radio conferences held on 20 March 1923, ASCAP
insisted that royalties be paid for the broadcast of music in any form (Hilmes
1990:16).

The relationship between records and radio was complex. On the one hand, just
as the radio was giving away programming to sell sets, so the record industry was
more interested in selling players and saw discs as a way of helping this. This was the
sort of mind set that led Victor to do a deal in 1925 with WEAF whereby the record
company provided an hour of free music while AT&T waived the advertising fee.
Radio could sell records as effectively as it could sell anything else (Chanan
1995:55, 61). There was also a measure of protection for the record industry
because audiences came to expect radio to be live and objected to ‘canned’ or
‘bottled’ programming (Winston 1993:182). This was reinforced by a predilection
on the part of the regulators, when they came into being, to privilege live
broadcasting. The FRC in 1928, for example, announced it would favour licensees
who provided live entertainment rather than phonograph records (Hilmes
1990:27). The radio very rapidly became a major patron of music and musicians,
again easing the economic impact of its coming on those most directly concerned.
The BBC, for example, founded and sustained a wide range of popular and classical
orchestras to ensure a supply of live performance.

On the other hand, the radio gave better reproduction because it was electric
and after a disastrous fall in sales in 1924, the record industry rushed to introduce
electronic recordings and electrical players. But this merely halted the decline for a
few years. The radio was a far more economic way to access music and the bottom
fell out of the record market as economic conditions worsened. Record sales fell in
America from a 1926 peak of 128 million to a mere 6 million in 1932. By 1929,
Victor was taken over by RCA (Chanan 1995:65-6). Radio in the US did play a
clear role in this decline and, moreover, the record industry was in no condition to
resist, in effect to suppress the development of radio. In the UK, though, there were
early attempts to use copyright to limit the broadcaster’s access to material, words

as well as music, especially before the BBC proper wasfounded. Thus Kipling could
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not be used, nor Gilbert and Sullivan before 1926. ‘“The BBC met with opposition
in many places where [its] path ran near land already inhabited” (BBC Yearbook
1930:160). However, these objections crumbled as the broadcasting system was
extended.

The American film industry, and the popular theatre which had been battered by
it for twenty-five years, did not regard the new medium as a direct competitor.
Hollywood felt no need to participate in the radio conferences (Hilmes 1990:26).
On the other hand, there is now a broad measure of agreement among film scholars
that Warner’s sound film initiative was deeply influenced by its connections to the
radio business. Sam Warner set up KFWB in Los Angeles in March 1925 specifically
to promote Warner’s movies and stars. WBPI followed in New York in 1926. Warner
was merely copying the pioneering efforts of Samuel ‘Roxy’ Rothapfel, movie
theatre manager, who used the AT&T station in New York to broadcast the acts
appearing in his pre-film vaudeville show. As with records, the radio could be used
to sell anything, even movie tickets (ibid.: 33—5). By 1927 such tie-ins were
commonplace and led to full-scale experimentations such as one occasion when ‘an
entire motion picture’ was ‘broadcast in detail’ with a commentator describing the
film as it unreeled ‘before his eyes’ (ibid.: 43, 45).

Finally, it can be noted that various moves by the studios to buy their way into
the emerging radio networking business came to nothing. Despite this, the film
industry, in effect, achieved a mutually beneficial accommodation with the radio
industry: “The major studios found themselves standing on the outside of radio
networking and ownership, but holding some valuable assets on the programming
side of the radio game’ (ibid.: 53). Elsewhere in the world, the indigenous film and
theatre industries were simply not strong enough to impact on the radio in any
meaningful way; although, once again, the UK variety industry endeavoured to
ignore the BBCo by attempting a minor boycott of the studios throughout the mid
1920s (BBCYearbook 1930:159—-60).

If Hollywood learned to live with radio without owning much of it, the converse
is true of the American newspaper industry. Here, despite a measure of radio-
station ownership, there were serious attempts to control and suppress at least the
journalistic aspects of the new medium. Newspaper owners were quick to see radio
as potential investment as much as a threat and they rapidly came to constitute an
extremely significant group of players in the new industry. By 1932, for example,
one-third of CBS stations were owned by them. Yet this did not mean that they were
prepared to allow the radio to exploit its potential as a news medium against their
other interests. On the contrary.

Reading the news had been part of the earliest phase of radio experimentation. A
pioneering radio station was doing it in San Jose in 1909 (Greb 1958-9:3). The first
US election returns were broadcast in 1916 and the Harding—Cox election of 1920
is said to mark the start of regular news broadcasting in the US (Bohn 1968: 268).
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As radio became a mass medium in the 1920s, the American Newspaper Publishers
Association (ANPA) sought to restrict its access to news. As they owned the wire
services, they could simply close off the easiest source. While they did not so much
mind using their own local news operations to provide a measure of local news,
structured to help sell their newspapers, they objected to the use of national and
international news by the emerging networks (p. 261). As network affiliates they
would have some say over this.

The extensive coverage of the 1932 election and the Lindbergh baby
kidnapping brought matters to a head. The ANPA told its members to stop
running radio programme listings, even if they owned the stations concerned. The
broadcasters started independent news gathering operations for the first time, but
in December 1933, they gave in and signed the Biltmore Agreement. This meant
that, in return for having the papers once more publish the listings, the
broadcasters agreed to restrict their news operations (McChesney 1991:46-7).
But the logic of cross ownership and the limited reality of the threat radio
actually posed to newspapers meant that this was not the end of the story. Two
things dissolved the ANPA’s hostility. First, they discovered that the new medium
did not wipe out the old. People who listened to news broadcasts on the radio
would still buy a newspaper. Second, they were divided among themselves, that is
those who had radio interests against those who did not. By 1937, the ANPA
resolved that co-operation was necessary and entirely possible. In time for the
major events of the later 1930s and the war, the parties gave up their hostile
posturings. However, it may be noted that this structured suppression had
prevented the development of radio as a fully fledged news medium for the better
part of two decades.

In Britain, the cartel did not allow for any measure of cross ownership and
newspaper hostility was even more pronounced. The original BBCo licence
prohibited the broadcast of any news bulletin prior to 7 p.m., the time of the last
edition of the evening papers. After that time only bulletins provided by one out of
four approved news agencies could be used (BBC Yearbook 1930:159). These
restrictions disappeared for the first time during the 1926 General Strike:

When most other forms of communication were almost at a standstill,
and newspapers in the ordinary sense, non-existent, the BBC carried
on, in addition to its normal activities, an all-day service of news and
general information.... The copyright usually reserved by the News
Agencies was for the period of the emergency waived.

(ibid.: 179)

As in America, the newspaper publishers’ worries were seen to be increasingly

unfounded and as the pace of events increased in the 1930s, these attempts to limit
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radio as a news medium died in Britain as well. By 1932, the BBC had established its
own news operation.

In both the United States and the UK, this conscious suppression by the
newspaper publishers did have the effect of encouraging the development of
complex forms of radio reporting and, especially in Britain, a distinction between
news bulletins and other sorts of factual programming (e.g. ‘talks’ or
‘documentaries’) which worked to create an ideologically powerful culture of
objectivity and neutrality in the former.

Beyond the conflict over news, one can see in the first responses of these other
‘inhabited lands’ a natural hostility and even, with the minor use of boycott and
copyright, some futile attempts to limit the growth of radio. But radio had been
quite slow to arrive and its growth in the 1920s was more directly suppressed by
the regulatory environment than by the action of these contiguous industries. By
1930 it had successfully become a mass home medium over almost all the developed
world, the first.
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MECHANICALLY SCANNED
TELEVISION

SCIENTIFIC COMPETENCE: LIGHT AND ELECTRICITY

Investigations into the nature of light constitute a venerable tradition. By the
cighteenth century, various explanations, none broadly agreed, had existed to
explain the phenomenon. (This was, in Kuhnian terms, a preparadigm phase.)
Newton’s theory that light came in discrete bits, corpuscles, was pitted against the
contradictory idea of Huygens that it was continuous. Dr Thomas Young, the father
of physioptics, whom we have already met in connection with acoustic machines and
as an influence on Faraday, here made his most fertile contribution to the scientific
competencies underpinning modern communications systems by proving Huygens
right. The proof was to stand for the next 104 years.

In 1801, Young was studying the patterns thrown on a screen when light from
a monochromatic source, sodium, passed through a narrow slit. Areas lit through
one slit darkened when a second slit, illuminated by the same sodium light source,
opened. This phenomenon—interference—Young explained by assuming that light
consists of continuous waves and suggesting that interference was caused when
the crests of the waves from one slit were cancelled by the troughs emanating
from the second. He was able to measure the wavelengths of different coloured
lights, getting close to modern results. The importance of the concept of
interference cannot be overstated since it is still current and lies at the heart of
holography; but for television Young’s experiment was suggestive because,
eventually, it allowed researchers to think of systems which treated light waves as
telephony treated sound waves.

Television depends in essence on the photovoltaic (or photoemissive) effect, that
is the characteristic possessed by some substances of releasing electrons when
struck by light. The observation of this phenomenon is credited to a 19-year-old,
Edmond Bequerel, in 1839, but it seems that his father, the savant Antoine Cesar,

may have helped him to prepare his account for L’Academie des Sciences. Their
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experiment demonstrated that a current passes between the two electrodes of a
voltaic cell when a beam of light falls on the apparatus.

A Swedish chemist, Baron Berzelius, had isolated selenium, a non-metallic
element of the sulphur group, in 1818, without noticing (in advance of Bequerel)
that it was photoemissive. Selenium was initially of practical interest because it had
a very high resistance to electricity. Willoughby Smith, a supervisory telegraph
engineer involved in the laying of the first successful transatlantic cable, was

directed to it because of this property.

While in charge of the electrical department of the laying of the cable
from Valentia to Heart’s Content in 1866 I introduced a new system by
which ship and shore could communicate freely with each other
without interfering with the necessary electrical tests. To work this
system it was necessary that a resistance of about one hundred
megohms should be attached to the shore end of the cable.... While
searching for a suitable material the high resistance of selenium was
brought to my notice but at the same time I was informed that it was
doubtful whether it would answer my purpose as it was not constant in
its resistance.

(Garratt and Mumford 1952:26)

May, an operator of Willoughby Smith’s, noticed the correlation between the erratic
behaviour of the selenium resistor and sunlight. Willoughby Smith investigated and

made his results known in 1873.

When the bars were fixed in a box with a sliding cover, so as to exclude
all light, their resistance was at its highest, and remained very
constant...but immediately the cover of the box was removed, the
conductivity increased from 15 to 100 per cent, according to the
intensity of the light falling on the bar.... To ensure that temperature
was in no way affecting the experiments, one of the bars was placed in
a trough of water so that there was about an inch of water for the light
to pass through, but the results were the same; and when a narrow band
of magnesium was held about nine inches above the water the
resistance immediately fell more than two thirds, returning to its
normal condition immediately the light was extinguished.

I am sorry that I shall not be able to attend the meeting of the
Society of Telegraph Engineers to-morrow evening. If, however, you
think this communication of sufficient interest, perhaps you will bring
it before the meeting.

(ibid.: 25)
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It was deemed of ‘sufficient interest’ and a long process of investigation began.

Some of these enquiries led to devices, using first sodium and then potassium
which proved to be more sensitive than selenium, specifically designed to produce
photoelectricity. The contrivances never left the lab since, for theoretical physics,
photoelectricity became a central area of investigation. Only the light meter (in
fact, a practical and sensitive photocell) emerged, reaching the point of commercial
production by 1913.

J.J.Thomson’s demonstration in 1897 that such photoelectric phenomena
depended upon particles and not on waves was the first indication of the existence
of sub-atomic particles. He called them, using a term suggested by Johnston
Stoney, ‘electrons’ and suggested that what was happening in photoelectric
emission was the liberation of electrons from the atoms of the substance through
the action of the light. Thus was the belief in the indivisibility of atoms shattered
and the dedicated, and fateful, investigation of the sub-atomic world begun.
Crucial to this work was the electron beam tube or, as it came to be commonly
called, cathode ray tube (CRT). Cathode rays had been described by Sir William
Crookes in 1878 and the tube, which made the streams of electrons visible to the
eye, was introduced in 1897, the year of the electron. The CRT, like all these
devices except the light meter, remained within the lab, a tool of advanced physics
and nothing more.

Eight years later Einstein explained the mathematisation of photoelectric
emission (photoemissive) phenomena, in effect using it as a proof and extension of
Max Planck’s quantum hypothesis of 1900 that ‘radiant heat...must be defined as a
discontinuous mass made up of units (quanta) all of which are similar to each other’
(Handel 1967:39). Maxwell’s wave paradigm began to follow Franklin’s one-fluid
theory into history since the experimental proof of Einstein’s ‘photons’
demonstrated that the higher the frequency of the light the greater the speed of the
emitted electrons—which would not be the case if light were continuous. Newton
was right after all, but so was Huygens; our current picture of light is a paradoxical
synthesis of both descriptions.

The ground of scientific competence for television also contains other elements.
In 1602 a Bolognese cobbler and part-time alchemist, Cascariolo, found a mineral—
a sulphide of barium known as ‘Bologna Stone’—which would glow brightly after
being exposed to light. This phosphor was of excellent value for the performance of
tricks but it was so rare that a search was initiated for an alternative, that is for a
stable phosphor which could be manufactured. In 1886 this was achieved.
Fluorescence was a similar phenomenon whose investigation is of equal duration.
That certain substances will emit luminous coloured light was noticed in antiquity
and much described in the eighteenth century. Sir George Stokes, however, was the
first to offer, in 1852, a reasonable explanation of the effect and to name it (after

the mineral fluorspar).
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All these strands together constitute the ground of scientific competence in
relation to which the technological development of television takes place.
Phosphors were understood. Fluorescent paint was being manufactured. The long-
distance electrical transmission of images by means of the facsimile telegraph had
been a reality since the middle of the nineteenth century. The cathode ray tube
existed. Research into electro-optical effects led, by 1905, to the direct modulation
of an electric arc through the action of a light beam and in 1907 the emission of
light from a crystal rectifier had been reported (Phillips 1980:207). Knowledge of
thermionic amplification had produced, by 1907, the practical basis for radio and
radio-telephony systems. Photoelectric effects had been utilised in the production of
light-sensitive cells by 1913. By the First World War, the dream of television was
over thirty years old.

IDEATION: FAXES AND ‘FUGITIVE PICTURES’

Following the announcement of the peculiar properties of selenium and the
excitement generated by the introduction of the telephone, numerous notions for
‘telescopy’ were put forward. The television receiver was first imagined by a Punch
cartoonist as a two-way interactive device whereby those at home could talk to
those on the screen by telephone. The telephonoscope’s screen stretched the entire
width of the mantelpiece. It is unlikely that the artist, in 1879, would have had
much grasp of how such a device might work. Yet the basic principles which were to
lead to television were already understood by the scientific community.

Senlecq, a French lawyer, was the first to suggest how selenium might be used in
a scanning system. He was, like most of these early thinkers, primarily concerned
with a reprographic apparatus that would work telegraphically—telephotography or
facsimile telegraphy, in effect. Senlecq envisaged television, as did most of his peers,
not as the instantaneous transmission of images on to a screen but rather as the
transfer of a single image, perhaps a series of images, on to paper. He published a
brief account of a telectroscope in An English Mechanic of 1878. The device would
reproduce at a distance the images obtained in the camera obscura. The scanning

notion was expressed as follows:

An ordinary camera obscura containing at the focus an unpolished glass
(screen) and any system of automatic telegraphic transmission; the
tracing point of the transmitter intended to traverse the surface of the
unpolished glass will be formed of a small piece of selenium held by
two springs acting as pincers, insulated and connected, one with a pile
and the other with the line.

(Garratt and Mumford 1952:26)
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Senlecq’s receiver was simply a pencil operating on the same principle as the
vibrating diaphragm in a telephone receiver, tracing its responses to the irregularity
in the current (generated by the light hitting the selenium) on to paper. Senlecq
refined the transmitter in a proposal two years later. Instead of a single moving
block of selenium traversing the screen of the camera obscura he now suggested a
mosaic of selenium cells, each to transmit by separate wires to a similar mosaic in
the receiver.

Senlecq reported: ‘The picture is, therefore, reproduced almost
instantaneously;...we can obtain a picture, of a fugitive nature, it is true, but yet so
vivid that the impression on the retina does not fade’ (ibid.: 26). It is unlikely that
Senlecq’s electrically driven pencil would have created the half-tones necessary to
duplicate a photographic effect; nor was he concerned with movement as he was
simply refining the telegraphic facsimile. He had, however, suggested a scanning
system, involving moving the selenium across the ground-glass screen of a camera
obscura.

His talk of ‘fugitive pictures’ stirred the imagination of others on both sides of
the Atlantic. Suggestions along these lines involved increasingly complex mosaics of
selenium and spinning mirrors. Some were even built. For example, in 1881,
Bidwell demonstrated a contrivance where, for the first time, transmitter and
receiver were synchronised. A single selenium cell was mounted in a box with a
pin-hole aperture which was arranged within a frame so it could be cranked to rise
and fall relative to a screen upon which the image to be transmitted was projected.
At the receiving end a drum was rotated to match this motion and created a
negative image on paper soaked in potassium iodide. The image was built up of a
series of closely spaced brown lines. He showed the system to a number of learned
societies (ibid.: 27-8).

The Bidwell machine can be classified in two ways. As a type of facsimile
telegraph, it was redundant because these had existed for more than thirty years
already (p. 28). In television terms, though, it can be considered as the most partial
of prototypes because, although it successfully used photoemission as a means of
creating an image, as a transmitter of single images, only in the crudest sense can it
be considered as television at all. Bidwell deposited the apparatus in the Science
Museum in London and did nothing further for a quarter of a century.

In January 1884, Paul Nipkow, a Berlin science student, filed patents for an
‘electric telescope’. He had, over that previous Christmas, placed a small disk
perforated with a spiral of holes between a lens and an element of selenium which
was inserted into an electrical circuit. He knew that selenium, when exposed to
light, would vary any electrical current passed through it in response to the
intensity of the light. When the disk spun the image was scanned, breaking it
down into a series of varying light impulses. These, as they hit the selenium plate,

created variable resistance in the circuit. At the other end of the circuit, the
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process could be reversed. The electric current could be reconstituted into a
series of light waves which, when passed through an exactly synchronous spinning
disk, would reconstruct the picture. This could then be viewed through an
eyepiece. After another year’s work Nipkow filed a master patent for television.
Although he had established a viable system of ‘scanning’ with the disk, he then,
like Bidwell, did nothing more. Bidwell was ‘inventing’ the fax which was already
in existence and Nipkow was ‘inventing’ an ‘Elektrisches Teleskop’ which again, as
the name he gave it reveals, was a substitute for a device which had existed for
centuries.

Although the fantasy, albeit grounded in the principles of telephony, of seeing
distant moving pictures with sound was in the air, nevertheless a confusion seems to
have existed in the minds of many of these carly television thinkers. They dreamed
of the reproduction of movement, dreamed of it in advance of the cinema; but they
addressed themselves to the transmission of stills, a species of almost redundant
effort since (as we have seen) other systems already existed for such purposes. The
advent of moving pictures did nothing to increase the need they were addressing
with these experiments. This general blindness, though, certainly did not afflict one
senior British ‘electrician’, Campbell Swinton, the man who had introduced
Marconi to the Post Office.

In a letter published in Nature, on 16 June 1908, he outlined the most significant
of all the early schemes for television. This description of a totally electronic system
appears to have been prompted by a public promise made by M. Armenguard, the
president of the French Society of Aerial Navigation, that ‘within a year, as a
consequence of the advance already made by his apparatus, we shall be watching one
another across distances hundreds of miles apart’. Shelford Bidwell, one of the few
to have actually built a selenium device, knew the limitations as well as anybody.
Not conceiving of any alternative to mechanical scanning, he was prompted by the
Armenguard announcement to remind the world in print of his forgotten
demonstrations which had taken place over a quarter of a century earlier. Then, in
part in support of Bidwell, Campbell Swinton was moved to lay down the basic
principles of modern television. He was dismissive of all mechanical scanning and

multiple wire systems and suggested instead that the problem could:

probably be solved by the employment of two beams of kathode [sic]
rays (one at the transmitting and one at the receiving station)
synchronously deflected by the varying fields of two
electromagnets...indeed so far as the receiving apparatus is concerned
the moving kathode beam has only to be arranged to impinge on a
sufficiently sensitive fluorescent screen, and given suitable variations in
its intensity, to obtain the desired result.

(ibid.: 31)
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Three years later in his presidential address to the Rontgen Society he elaborated
his ideas on the receiver by suggesting a special cathode ray tube which would have,
at its front, a mosaic screen of photoelectrical dots but added, ‘it is an idea only and
the apparatus has never been constructed’. In moving the vote of thanks Silvanus
Thompson described the idea as ‘a most interesting, beautiful and ingenious
speculation’” (Thompson 1912:15). In a way that can perhaps be categorised as
rather typically British, Campbell Swinton carefully assessed the difficulties of an
all-electric television system and determined it was not worth trying to build
because of what he claimed would be the vast expense involved.

Before it became known as television, it was called telephotography, telescopy or
teleautography. As late as 1911, a British patent official opened a new file on the
matter as a branch of facsimile telegraphy, even though he called it television, a
term first coined independently by Persky in 1900. By far the most interesting
depositions in the new file were British Patents Nos 27570/07 and 5486/11
outlining ‘A Method of Transmitting Images Over A Distance’ using a velocity

modulation cathode ray receiver awarded to Boris Rozing.

PROTOTYPES: MECHANICAL SCANNING

Paul Nipkow, who died in Berlin in 1940, worked all his life for a railway signal
manufacturing company. In his seventies, in 1934, he assumed the presidency of the
German Television Society. For the fifty years between the patent and the
presidency he did nothing with television; nevertheless, his patent was a potent
stimulus to a large number of others worldwide (Hubbell 1942:65). In fact, his
ideas were much more stimulating, if only because they were apparently more
practical than were Campbell Swinton’s and Rozing’s. The first decades of the
twentieth century were the golden age of the Nipkow disk and its variants.
Mechanical scanning systems were now being built and selenium lag was no
longer the major problem. More responsive substances had been isolated and
various sophisticated arrangements of spinning mirrors and the like had increased
the sensitivity of the photoelectrical elements yet further. Although the number
of scanned lines generated remained few, the essential problem was perceived to
lie more in the difficulties of maintaining exact synchronicity between the disks at
either end of the system rather than with definition. From Hungary to the United
States, where C.F.Jenkins, who had contributed significantly to the development
of the movie projector, demonstrated an elegant apparatus, many ‘inventors’ were
busily spinning disks. From 1923 Herbert Ives and others at Bell Labs were
conducting television experiments. In 1927 they demonstrated, over 250 miles by
wire and 22 miles by radio, a system identical in principle to these others. Two

forms of apparatus were used, one giving a picture 2X2% inches and the other 2
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X2% feet, a multi-clement water-cooled neon lamp as the screen (Fagen
1975:790; Ives 1927:551). They also used the apparatus to scan film taken cither
at the transmitter or receiver end, so that a better illuminated picture could be
achieved. Over the next few years Ives and his fellow workers increased the lines
to seventy-two and introduced colour. By the early 1930s they had a two-way
interactive system working in Manhattan. The videophone (that most beloved of
all Information Revolution hardware) is thus decades old (Ives et al. 1930: passim).

Its ‘inventor’, this same Dr Ives, told a British visitor:

frankly he has not the remotest idea whether the public want to see the
fellow at the other end of the telephone line badly enough to pay a high
price for the privilege. But when the AT&T started to develop the
transatlantic telephone years ago, they did not know whether sufficient
people would pay the necessarily high price to make a service
profitable. But the transatlantic telephone does pay.

(Dinsdale 1932:139)

More seriously, the facsimile implications of these developments remained
important, hence at least one strand of the telephone company’s interest in the
matter. AT&T could, though, at the time of these experiments, do far better with
existing equipment than with television. It was using a fax standard well beyond the
capacity of any mechanical scanning system—a 5X7-inch image divided into
350,000 elements taking 7 minutes to transmit. Ives calculated that a television
band to achieve similar detail would require the then rather unimaginable band-
width of 3 million cycles per second, 7000 times the one being used.

By 1928, General Electric’s E.F.W.Alexanderson had gone so far with the disks
that fairly regular experimental transmissions from the GE radio station in
Schenectady could begin. GE also mounted a demonstration using a screen 7 feet
square, erected in a local theatre (Biting 1965:1017). By 1929, the FRC had
licensed twenty-two radio stations to transmit pictures. The game with WIXAYV,
Boston, was for a group of MIT students to go to the station while another group, in
the college, gathered round the scanning-disk receiver and tried to guess which of
their friends in the studio they were looking at (Fink 1945:146). But in general,
despite the proliferation of different firms and mechanical systems, the American
public was uninvolved in these experiments.

Among the many on the other side of the Atlantic who toyed with such
devices was the Scottish entrepreneur, John Logie Baird, who spent the decade
after 1925 devising increasingly complex scanning systems. By 1928 his Baird
Television Development Company (BTDC), working on a thirty-line picture
scanning at 12% frames a second, was nevertheless building televisors (or

receivers) for public domestic sale. However, nobody in either BTDC or the
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Post Office was under any illusion as to the BBC’s interest in these
developments. Baird, who had been at technical college with BBC Director-
General John Reith, founded his Television Company the year before the
Corporation received its charter, but the BBC treated Baird’s enterprise as that
of an unwarranted upstart. Reith’s chief engineer, Peter Eckersley, was scathing

about it:

The advisers of the Baird Television Company believe that this apparatus
is sufficiently well developed to have a public service value. They
contend that the attitude of the BBC is obstructive and irrational. The
advisers of the BBC believe on the other hand that the Baird apparatus
not only does not deserve a public trial, but also has reached the limit
of its development owing to the basic technical limitations of the
method employed.

(Briggs 1961:530 n.3)

The BBC has never found it difficult to adopt such a tone (at least prior to the
organisational upheavals of the late 1980s and 1990s). In this instance it was fully
justified. The fact remained that Baird’s was a partial prototype and it represented
the end of the line, just as the BBC claimed.

Nevertheless, through a shotgun marriage once again arranged by the Post
Office, the BBC did begin experimenting with television and evolved a working
relationship with BTDC which was at times positively cordial. By 1930, ‘televisors’
were being sold at 25 guineas the set, and in April sound joined pictures in the
transmissions. The system still produced an oblong picture of only thirty lines
definition, although it had by now improved sufficiently for actual programming to
be undertaken. The BBC began serious exploration of the new medium,
transmitting, in July of that year, the world’s first ‘upscale’ television play,
Pirandello’s The Man with the Flower in His Mouth in co-operation with Baird
(Norman 1984:61). General Electric had broadcast the somewhat less esoteric
melodrama The Queen’s Messenger from its Schenectady station two years before. The
difference in style and ambition that characterised British public service and
American commercial television culture can therefore be said to antedate the
introduction of the all-electric system.

Whatever the excessive claims of the British press at the time, and the curious
persistence of Baird’s reputation in British consciousness up to the present, the most
extensive application of the Nipkow patent took place, unsurprisingly, in Germany.
From 1902, when Otto von Bronk patented the Bidwell principle that the picture
should be constructed out of a series of lines, through the demonstration of that
technique by Ernst Ruhmer in 1909, the Germans recovered the insightful edge that
Nipkow had given them and then abandoned (Hempel 1990:124). But progress was
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stifled because the German authorities could see no supervening necessity for the
technology. The same imperial arms race, which necessitated the development of the
marine wireless, suppressed work on television because no military application could
be envisaged. It was not until 1926 that any serious experimentation recommenced. In
1927 an instruction manual for ‘building a picture receiver’ was published and
television demonstrations were the hit of the Berlin Broadcasting Exhibitions of 1928
and 1929 (Elsner et al. 1990:196). By this time the military were at last (and
somewhat erroneously) thinking television might be of some use to aeronautics as
well. On the other hand, some visionaries on the left were calling for the
‘Volksfernseher’, or ‘People’s Television Set’ (Hempel 1990:128).

Goebbels had expressed an interest in radio technology, including television,
even before he became Nazi propaganda director whereupon experiments were
spurred ahead by what Bill Uricchio has called ‘utopian visions and national security
interests’ (1990:115). After the Nazis were elected in 1933, television at last
became an important item on the Reich’s research agenda. Regular transmissions
started in Berlin in 1935 using apparatus built by Fernseh A-G, a subsidiary of Zeiss
Ikon and Bosch formed to exploit Baird’s patents, which achieved, for film
transmission, 180 lines and twenty-five frames per second. ‘The success of this
machine’, a colleague of Baird’s wrote in the 1950s, ‘was to no little measure due
to the micrometer precision engineering tools which the Germans had available for
disk construction’ (Percy 1952:14). This precision was taken a step further in that
the disk was placed in a vacuum to reduce both interference and drive-power.
Subsequently the Germans managed a mechanically created variation on interlaced
scanning, thus achieving stability very close to the all-electrical (electronic) systems
(Gibas 1936:741). This machine represents the mechanical scanning partial
prototype in its final form.

Since this system, like Jenkins’, worked best when dealing with film rather than in
the studio, Fernseh constructed a film camera with an attached developing tank,
building on the proposal made by Ives in 1927. It produced a photographic image in
under a minute which was then mechanically scanned—the Intermediate Film (IF)
system. The Germans also used an electronic system based on the patents of the
American Philo Farnsworth, for which they had signed an agreement in 1935.
Farnsworth had produced an alternative electric tube (more on this below) that also
worked best when transmitting film; so the IF system was ideally suited for this
configuration as well. The Germans began an experiment to test this system against an
electronic one based on patents held by RCA’s German allies, Telefunken. Because the
results were accessible to the public, this was however declared an actual ‘service’, the
world’s first. It was used to cover the Berlin Olympics in the summer of 1936. The
network embraced five German cities and the service was not halted by the start of
war. Moreover, in 1938 the Germans built a videophone link between Berlin and

Nuremberg using an outdated mechanical solution to produce a 180-line standard.
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Baird’s engineers, like their German opposite numbers, were also locked in
battle with an all-electrical system (essentially the same as Telefunken’s and
RCA’s) developed by Marconi’s and EMI in concert. In 1934, the Postmaster
General appointed a committee under the chairmanship of Lord Selsdon to
consider the development of television and to ‘advise on the general merits of
the several systems’ then available (Garratt and Mumford 1952:38). The BBC
was entrusted with the experiment. Baird’s company had by now refined
mechanical scanning to give 240 lines and, to consolidate its strengths, it too
adopted the German IF system which was available to it because of its patent
alliances. BTDC now duplicated the earlier German mechanical feat and, in
1936, achieved their ultimate in mechanical scanning, 240 lines at one-twenty-
fifth of a second. But it was a dead end. Despite Baird’s dictum of 1931 that
‘There is no hope for television by means of cathode ray tubes’, the receivers
for these ‘high definition’” mechanical systems, both in Germany and the UK,
were by now all-electric tubes with no trace of spinning disks (Briggs
1961:553). It was only a question of time before the disks disappeared from the
transmission end of the system, too.

Baird withdrew entirely from the activities of the company that bore his name
and spent the next three years experimenting with a large-screen, mechanically
scanned (at 6000 rpm) colour television system with stereophonic sound! By
then, Baird’s colleagues were using a mechanical scanner with IF for studio work
and a purely BTDC film scanning (telecine) device, which observers felt was
better than anything EMI had, for transmitting film. As in Germany, at the
government’s behest, a final judgement was to be made between electrical and
mechanical. The BBC organised BTDC and EMI for this test—a sort of
experimental run-off, as Asa Briggs points out, like nothing so much as a
nineteenth-century competition between rival steam locomotives (Briggs
1961:583). Sir Archibald Gill, a member of the 1934 committee, recalled that the
case was not quite open-and-shut. The Baird system did indeed, even with the line
and frame disadvantage, produce a slightly better picture than the EMI system
when transmitting film (Garratt and Mumford 1952:28). As film transmission was
held by all experts in every country to be vital as a major source of television
images, this was no small advantage.

In the name of crude firstism, the British somewhat perversely have always
dated the start of television ‘service’ from this clearly experimental exercise
inaugurated in studios at Alexandra Palace, London on 2 November 1936 using
both systems. It was, anyway, second to the equally unstandardised German
‘service’. The game between BTDC/Fernseh and EMI/ Telefunken had been fixed
by physics as Peter Eckersley had somewhat brutally indicated nine years before.
Each mechanical element had given way to an electronic equivalent. Electrical

scanners inexorably drew away in terms of performance, ease of operation,
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reliability and general ‘elegance’. Only when transmitting film was there any
question of competition and even then the electronic potential was clear. In the
words of one of the BBC pioneers required to produce programs, turn-and-turn-
about, using both systems: ‘Working in the Baird Studio was a bit like using
Morse Code when you knew that next door [in the EMI studio] you could
telephone’ (Norman 1984:129). By 1936 the question was not ‘mechanical vs.

electronic?’ but rather ‘which electronic?’
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ELECTRONICALLY
SCANNEDTELEVISION

INVENTION I: ELECTRONIC SCANNING

A full year before Campbell Swinton’s 1908 letter to Nature, a Russian, Boris
L’vovitch Rozing, had patented, in London as well as in Berlin and St Petersburg, an
all-electric television cathode ray tube receiver. In the year of Campbell Swinton’s
presidential address, this same Russian actually transmitted a signal to his receiver.

The cold war casts a curious shadow across the history of television. The earliest
published accounts of its technological emergence were written from the mid-1930s
to the mid-1950s during which decades the accident of Rozing’s birthplace had
assumed a significance it otherwise would not have had. British writers in the 1930s
claimed that Campbell Swinton’s analysis of the basic problem was, despite the fact
that he did not work on his proposed solution, superior to Rozing’s more pragmatic
approach. An American account dating from the 1950s described Campbell
Swinton’s 1911 proposal as ‘a still more startling invention’ than Rozing’s work
(Jensen 1954:175; emphasis added).

The Soviet treatment of technological history was the butt of much Western
humour, although Russian ‘firstism’ about aeronautics was substantially boosted by
Sputnik (Winston 1993:193). Everything from spiral mechanical scanning to a
sequential colour system was supposedly patented in Russia before 1900.
Nevertheless, such Stalinist claims that Russians had invented both radio (Popov)
and television (Rozing) are no less—and no more—substantial and, at least as far as
television is concerned, compared well with British pretensions in these matters.
Certainly Rozing’s experiment is of a quite different magnitude from Campbell
Swinton’s musings, for all that the latter envisaged the more completely modern
scheme that was to prevail three decades later. But Rozing’s is an achievement that
neither the chauvinism of others nor the rodomontade of official Soviet accounts
should be allowed to taint although, since his contributions all predate the

revolution, the rhetoric of the latter was faintly comic.
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Boris Rozing was born in St Petersburg in 1867, took his degrees at its
University and taught, from 1893, at its Technical Institute. He was interested in the
electric telescope (as he was still calling it in the 1920s) and, noticing that the
electron beam in the common cathode ray laboratory oscilloscope left complex
luminescent patterns on the front of the tube, decided that this was his ‘ideal
mechanism’ (Gorokhov 1961:75). In 1907 he patented such a circuit using electron
beam deflection to modulate the intensity of the beam, by altering its velocity, in
the receiver. Rozing’s idea, innovative and important though it was, had its
precedents. His transmitter was built along the lines that were being commonly
suggested before the turn of the century, that is, an electro-mechanical system using
a mirrored drum of a known design. His more revolutionary receiver had been
anticipated, too. A German patent of 1906 had already suggested the use of a
cathode tube specifically for ‘the transmission of written material and line
drawings’. This apparatus was designed and built by Dieckmann, and, like Bidwell’s,
it survives. It used a standard Nipkow disk transmitter but here for the first time
the image scanned was received on a cathode ray tube. Paradoxically, this
breakthrough was counterproductive, for Dieckmann’s intended purpose was
facsimile transmission and the lack of a hard copy was seen as a major
disadvantage—just as some thought the radio telephone’s lack of privacy was a real
drawback (Jensen 1954:174). In both cases the drawback turned out to be the raison
d’étre of the technologies.

Given the general state of tube technology in this period, Rozing’s proposed
solution was at the very cutting edge of what was possible. What also distinguishes
him is that he did not give up at the patent stage but actually built a series of partial
prototypes and on 9 May 1911 he transmitted by wireless over a distance ‘a distinct
image...consisting of four luminous bands’; but the rudimentary state of the
cathode ray tube and electronic amplification meant that the line of development
was not taken up by others. Even in Russia it seemed as if the problem would be
better solved by mechanical scanning using substances of greater sensitivity than
selenium, so Campbell Swinton’s suggestion and Rozing’s experiments were not
pursued during and immediately after the First World War. The truth, which Rozing
and Campbell Swinton saw but which most researchers ignored, was that while
mechanical scanning and cathode ray devices were partial prototypes both working
poorly at this point (and the tube was worse than the disk), the all-electrical system
had the far greater potential.

Vladimir Zworykin emigrated to the United States twice after the Russian
Revolution, the first time failing to find work. On the second occasion in 1920 he
managed to secure a research post with Westinghouse (Waldrop and Borkin
1938:213). He had studied with Rozing at the Institute in St Petersburg and in
1912 he had gone to the College de France to do graduate research in theoretical
physics and X-rays. During the First World War in Russia he built tubes and

101



THE SPARK AND FUGITIVE PICTURES

aviation devices for the Signal Corps. In 1923 Zworykin patented a complete
electrical television system including a pick-up tube, that is to say an electronic
camera, along the lines suggested by Campbell Swinton. The camera was, as was
Rozing’s receiver, adapted from the standard cathode ray tube but of a very
different design. The electrons were now directed at an internal screen or signal
plate which they were forced, by magnets mounted outside the tube, to scan in a
zigzag pattern. The scanning system produced by the zigzagging dot was one
which created the image sequentially, line by line, just as Nipkow’s spinning disk
had done. At the home end the process was reversed. The internal signal plate of
the camera became the phosphor-treated front end of the tube, the screen. The
electron beam, again generated by a cathode and controlled by electromagnets,
was modulated by the incoming wave. These variations were translated by the
scanning electron dot into variations in intensity which became, through the
phosphors, perceptible to the human eye.

Rozing had suggested that the speed of the stream of electrons could be varied in
accordance with the intensity of the light, but Zworykin followed Campbell
Swinton in varying the intensity of the beam itself to reconstitute the lights and
darks of the scene before the lens. He also followed a Swedish researcher Ekstrom,
who, in a patent of 1910, suggested that scanning could be achieved with a light
spot. Zworykin’s camera tube, the iconoscope, used a sensitive plate of mica coated
with caesium. It proved to be more photoemissive than potassium and certainly
much more so than selenium. In the tube which Zworykin built, the photoelectrons
are emitted the entire time the screen is illuminated by the spot but the charge is
stored until the spot returns to build up the next frame. Then the electrons are
discharged. In all the competing systems, whether mechanical or electrical, the
stream of electrons was created by a fragment of light striking the cell and being
discharged immediately. The iconoscope’s ‘charge storage’ system created an
enormous increase in sensitivity.

Zworykin, writing in 1929 after his move to RCA, acknowledged other
workers, French and Japanese, who had been following Rozing’s use of the
cathode ray tube (Zworykin 1929:38). In Germany that same year, Baron Manfred
von Ardenne had demonstrated an all-electrical system with sixty-line definition.
He was the first to perfect the flying spot technique for scanning film and slides
clectronically and a CRT receiver for the home—the Volksfernseher. This was
demonstrated at the Berlin Radio Exposition of 1931 and widely publicised abroad
(Hempel 1990:129-31).

By 1932, Zworykin had a camera that worked more effectively, at least using
reflected light in a studio, than any other available. It produced 240 lines, matching
the most advanced mechanical systems, and it was demonstrated by a wireless
transmission from New York to the RCA laboratory in Camden 80 miles away. This

was still not quite an all-electric system since the synchronising pulses to stabilise
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the image were provided not by circuitry but by a spinning disk. Over the next two
years electronically generated synch pulses were added. At the same time Zworykin
designed the interlaced raster which scanned every other line in any one frame so
that the frame time was halved to one-sixtieth and picture stability further
improved. This was because a sufficiently fast rate of change (sixty a second in
effect) was created from frame to frame for the physiological requirements of
critical fusion frequency (CFF), the point at which the eye ceases to see discrete
pictures, to operate. Achieving this sort of speed was necessary because a single scan
in one-thirtieth of a second gave a flickering impression.

Early in 1934 Zworykin wrote:

The present sensitivity of the iconoscope is approximately equal to that
of a photographic film operating at the speed of a motion picture
camera, with the same optical system.... Some of the actually
constructed tubes are good up to 500 lines with a good margin for
future improvement.

(Zworykin 1934:19-20)

Zworykin was fudging a little by not specifying a 16mm motion picture camera; for
the ambition of all the television pioneers, mechanical and electrical was to match
the quality of the contemporary amateur, i.e. 16mm, picture. For some, Jenkins for
example, the home delivery of movies was the prime television research objective.
The film industry defines film stocks in terms of lines per millimetre of film
surface. The limiting resolutions of emulsions can be determined when the emulsion
is used to photograph a chart upon which standardised blocks or lines of black have
been printed. The film industry’s norm was a 35mm film which could photograph
between thirty to forty of these lines per millimetre. To achieve the same density of
visual information electronically, something like 1,200 lines on a cathode ray tube
would be needed. This same normal film stock formatted for 16mm would, of
course, also photograph the same number of lines per millimetre but to far cruder
effect, since each line occupies more of the frame area. To match the resolving
capacity of the 35mm norm a 16mm stock would need to photograph around twice
as many lines (i.e. ninety per millimetre). Conversely, the normal 16mm standard of
thirty to forty lines per millimetre can be matched on 35mm by twelve lines. It was
at that standard that the television researchers aimed since its electronic equivalent
required only around 400 to 480 lines.

In short, by the early 1930s, the whole thrust of the research was directed
towards creating a 400-line picture, the equivalent of the contemporary 16mm film
image (Schlafly 1951:50). This became ‘high definition’ television, the standard
eventually adopted, in its 525/625-line guise, by most of the world. (As we shall

see, sixty years later ‘high definition’ was redefined, as the world’s television
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engineering community considered a 1200-line HDTV system (p. 140). Such a new
standard simply matches the resolving characteristics of 35mm film.)

The British contribution to the search for an electronic equivalent of 16mm
film was much facilitated by corporate musical chairs in the late 1920s. RCA took
over Victor Phonograph Inc which in turn owned the British Gramophone
Company. Thus RCA, born out of the ashes of British interests in the American
radio market, came to own a slice of the British record industry. In 1931, the
Gramophone Company was an element in the founding of EMI. In this way RCA
now had a share of an English research laboratory. Moreover, the director of
research there was Isadore Schoenburg who, like Zworykin, was another of
Rozing’s ex-students.

Schoenburg, in 1934, decided that his research agenda should be for a 405-line

electronic standard:

It was the most dramatic moment in the whole of television
development. He (Schoenburg) said, “What we are going to do, in this
competition, we’re going to offer 405 lines, twin interlace. And we’re
going for Emitron. We're going to give up mirror drum scanning,
we're going along the lines of the electronic camera.’

(Norman 1984:107)

Sir Frank McGee, perhaps the most distinguished of the team, calls this ‘the most
courageous decision in the whole of his (Schoenburg’s) career’, which it might
well be; but these British pioneers also insist that they were working
independently of their sister lab at RCA which is more difficult to credit. It is
hard to believe that Schoenburg decided for the electronic solution without
cognisance of what Zworykin had publicly announced, in January 1934, to be
possible, never mind what private communication might have passed between the
two labs. Zworykin, for example, recalled that two of Schoenburg’s engineers
visited his lab late in the winter of 1933/4 for three months before the 405-line
decision was made (ibid.: 105). Yet despite all this, one of these very engineers
was claiming, in 1984, that ‘McGee and EMI owe nothing to RCA and only in
1936 did the two companies sign an agreement for a complete exchange of
patents and information’ (ibid.: 49). Nothing?

The record clearly suggests that the essence of both cameras’ design was laid
down in a patent of Zworykin’s dated 1923. Zworykin worked for RCA. RCA
owned a slice of EMI. EMI’s research director shared a teacher in Russia with
Zworykin. The teacher was a television pioneer. EMI engineers did visit RCA. The
Emitron looked, not like Zworykin’s patent of 1923, but like his development of
that patent, the iconoscope of the early 1930s. It was, in McGee’s own words,

‘fundamentally the same as the iconoscope’ (McGee 1950:598) except that, because
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of British electrical supply characteristics, the pattern or raster scanned the picture
lines every twenty-fifth of a second. By 1934, 343 lines had been demonstrated on
the RCA iconoscope, not quite sufficient to match the definition of 16mm amateur
movies. Zworykin, as his January 1934 paper reveals, was confident that this could
be achieved. Further, the majority opinion in the US was that 441 lines was the
maximum that could be accommodated in the six megacycle channels the FCC had
mandated for experiments. All this was the context for British 405-line decision. Yet
it would be wrong to suggest that the British therefore made no significant
contribution to the development of the RCA system.

The American iconoscope, in the early 1930s, was barely usable, being very
noisy; that is, it had too high a ratio of interference to signal. Indeed, the tube
produced more noise than picture and was a lot less impressive than the high
definition mechanical scanning systems then coming on line, which is why
Schoenburg was being ‘courageous’ when he opted for it. The reasons for this poor
performance were properly analysed and ultimately corrected first at EMI. In 1933,
a member of the EMI team perfected a technique to stabilise the DC component of
the signal, thereby solving a clearly understood problem. More significantly, the
then mysterious process whereby the electronic signal was derived from the tube
was elucidated by McGee. Secondary emission of electrons, within the tube, were
found to be crucial (McGee 1950:599-600).

Indeed secondary emission was a third way, in addition to photo and thermionic
emission, to obtain, within a component, free electrons. As a consequence of this
understanding, the team of Blumlein, Browne and White (the first two of whom
were to die testing experimental radar equipment in flight in 1942) set about
suppressing the unwanted signals (Preston 1953:119). The patented circuits which
did this were passed back to Zworykin and incorporated into the RCA camera and
became the basis for the 1936 RCA/EMI agreement. McGee and Blumlein, in the
emitron, made the iconoscope fully practical; but the emitron was, all protests
aside, nevertheless essentially a variant of the iconoscope. RCA, it may be noted,
never signed patent agreements, always buying what it needed outright. The EMI
deal was one of only two occasions in the 1930s when this company policy was
violated, obviously because of the closeness of the two organisations.

In Germany, RCA’s correspondent was Telefunken. Its engineers had abandoned
mechanical scanning at exactly the same time as Schoenburg took his ‘dramatic’
decision to do the same thing and for much the same reason. Like EMI, Telefunken
was working, with RCA agreement, on a design derived from Zworykin. It yielded
the Tkonoskop-kamera. As in Britain, electronics (essentially the RCA interest
represented by Telefunken) was pitted against mechanical scanning (essentially
Baird represented by Fernsch). There a similar, if considerably more protracted
run-off had begun during the Olympic Games. In the years that followed, the

systems were allowed to coexist. In 1938, Fernsech covered the Nazi Parteitag
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rally in Nuremberg. In 1939, Telefunken introduced its super-ikonoskop which
produced 441 lines and worked well in the most adverse lighting conditions. By the
outbreak of the War Telefunken had Fernseh on the ropes. Like BTDC, the latter had
only television with which to support itself. Telefunken, like EMI, was a major
electronics firm, with or without television. Telefunken slowly demonstrated the
superiority of its system and with the Nazis’ decision to use the super-ikonoskop for
coverage of the 1940 Winter Games, Fernsch finally lost out.' The Germans had
taken more than five years to reach the conclusion the British had come to in four
months (Udelson 1982:110).

The greatest claim to the invention of television is undoubtedly Zworykin’s, and
it was in all essentials first built under the aegis of four large electrical
manufacturers, for every basic aspect of modern television systems conforms to
Zworykin’s original patent description of 1923 and the devices he built to refine
and develop those ideas in the 1930s. However, in another crucial sense, the
invention was still in doubt at the end of that decade because the device was not

widely diffused (Figure 11).
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INVENTION II: ALTERNATIVE ELECTRONIC
SCANNING

What hindsight reveals is that by 1936 the mechanical scanning systems were
reaching their limits while the electronics systems were still at the outset of
development. It is, though, tempting to ignore this and take a more contemporary
view. At the time, the failure of mechanical scanning was seen as a rather good
example of how in the twentieth century the lonely inventor (e.g. Baird) with his
simple solutions (e.g. spinning disks) stood no chance against the great
corporation’s team of researchers with their cutting edge technology (e.g. EMI
and the CRT).

This rhetoric was implicitly deployed by Campbell Swinton in a lecture before
the Radio Society of Great Britain in 1924

If we could only get one of the big research laboratories, like that of
the G.E.C. or of the Western Electric Company—one of those people
who have large skilled staffs and any amount of money to engage on the
business—I believe they would solve a thing like this in six months and

make a reasonable job of it.
(Jensen 1954:176)

In the event, with something less than the whole-hearted backing Campbell Swinton
envisaged, it took the industrial researchers longer than six months to ‘invent’
television. The idea, though, that they generally worked in a way different from the
old-style individual innovator nevertheless obtains an important boost in the
received history. The technical development of television becomes a prime example
of the industrialisation of innovation which is generally deemed to be such a
prominent feature of modern life.

The position Baird occupies is crucial, for nothing is as powerful as the notion
that he, an old-style private inventor, was limited to mechanical systems because he
was unable to compete with the industrial lab in the more sophisticated area of the
cathode ray tubes. In fact, Baird seems to have just had a thing about tubes and an
obsession that his first thought was the best. Vic Mills, his earliest collaborator,
alerted Baird to CRTs in 1924:

I said you can’t play about with those spinning discs and think you’re
going to get television. I told him to go ahead with cathode-ray tubes.
I’d read about it in a book printed in 1919 and it made me want to take
the long jump and avoid all this mechanical business. But if I knew only
a little about the cathode-ray tubes, Baird, apparently, knew nothing.

He was simply not interested. He could comprehend the mechanical
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system but the idea of doing it all electronically appeared to be out of
the question.
(Norman 1984:30)

These traits could just as well have manifested themselves under the aegis of a great
corporation; and conversely, a lone inventor could have seized on the potential of
the electronic system.

This last contention is proved by the career of Philo T.Farnsworth, the boy-
wonder electrical genius who occupies Baird’s place in the popular American
understanding of television history. Farnsworth, every bit as much an outsider as
Baird was, nevertheless produced a serious, sophisticated electronic system to rival
the dominant RCA/EMI/Telefunken one. His contribution was equal in
sophistication to those made by McGee and the other workers in the great
laboratories. Baird failed not because he was alone, but rather because he was
simply wrong and the history of television is not as ready a prop for the
industrialisation of innovation thesis as is commonly supposed.

Philo Farnsworth was a rural mid-Westerner who came from a Mormon home
which acquired electricity only when he was 14. He learned his science from
popular magazines and read up on mechanical television. At age 15 he confounded
his chemistry teacher at high school by describing, on the blackboard, an all-electric
device which he thought might work better. He left school and had no further
formal education (Waldrop and Borkin 1938:211; Everson 1949:15-16). In 1927,
aged 19, he patented an electrical pick-up tube (the heart of a camera) which
operated on significantly different principles from Zworykin’s. Called an image
dissector, it had the advantages of offering a more stable picture than the
iconoscope. It used neither a scanning spot nor the storage principle but worked by
translating the image into a pattern of electrons which were then passed across an
aperture.

Something of a stand-off developed. The pictures produced by the dissector tube
were of better definition and sharper contrast than those produced by the
iconoscope. The Zworykin camera was a superior instrument for use in studios and
outdoor pickup where lighting was a problem but in the late 1920s and early 1930s
it did not work so well that it was self-evidently the clear winner. With the intense
direct illumination found in a telecine device, the comparative (but rather
theoretical) disadvantage of the dissector was wiped out. Apart from the fact that
film transmission had been central to the research agenda from the beginning, this
was why Farnsworth made a partner of Fernseh with its IF (instant film) system.

Farnsworth’s achievement was that, by one means or another, his was the more
effective electronic camera in the ecarliest developmental phase. He was on to the
secondary emission at the same time as EMI and indeed in 1937, made, what was to

be his greatest contribution to electronics in general by designing an electron
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photomultiplier specifically to exploit it. The multiplier allowed the weak electron
output of the dissector tube’s aperture to be exponentially increased. It enabled
Farnsworth to do this without using the charge storage principle patented to RCA.
He was close enough, in fact, to worry RCA considerably. Both Sarnoff and
Zworykin visited his laboratory and their professions of uninterest in his advances
were not backed by their corporate moves against him. RCA mounted an
interference action which Farnsworth successfully defended (with the help of his
Chemistry teacher and at a cost of $30,000).

By then Farnsworth was no longer a man alone. Unlike many individual
engineers, he conducted himself as well in the boardroom as he did in his
laboratory. He had joined the Philadelphia Battery Company. Philco, now a major
rival of RCA, had begun by selling large domestic batteries to houses not on the
electricity grid. As electrification killed this business, the company moved to radio
manufacturing, first establishing itself by specialising, from 1927, in car radios.
When Farnsworth joined, it was outselling RCA at nearly three-to-one and had over
one-third of the market. Rivalry between the two firms climaxed, with Philco
bringing an action against RCA for industrial spying, specifically charging that RCA
operatives took some of Philco’s female employees to Philadelphia where (in the
words of the affidavit) they ‘did provide them with intoxicating liquors, did seek to
involve them in compromising situations, and thereupon and thereby did endeavour
to entice, to bribe and induce said employees to furnish them...confidential
information and confidential designs’ (Waldrop and Borkin 1938:219).

Protected by Philco’s broad back, Farnsworth was now able successfully to resist
all RCA attempts to dislodge his 1927 patents. The dissector was sufficiently
different from the iconoscope for him to maintain his rights, but his receiver was
close enough for him to pick up Zworykin’s pictures on his apparatus. In 1935, after
a three-year proceeding, Farnsworth successfully won his own interference action
against Zworykin and RCA. Farnsworth’s device scanned an electronic image—in
the words of his 1927 patent application, he had designed ‘an apparatus for
television which comprises means for forming an electrical image’ (Udelson
1982:105). Zworykin, in his 1923 patent, the patent official held, had suggested
scanning an optical image—a significant difference (ibid.: 112). Farnsworth left
Philco (amicably) and in the early 1930s forged his international links, assigning his
patents to Baird in the UK and Fernsch in Germany. In 1937, upon the introduction
of the photomultiplier, he reached cross-patenting agreements with both AT&T and
CBS, two more of RCA’s great rivals (ibid.: 107).

Farnsworth was too good a scientist not to realise that Zworykin’s charge
storage principle, despite the photomultiplier, was superior—was indeed
television, while his concept had produced, by however small a margin, a more
partial prototype; but he was also too shrewd a businessman not to fully exploit

the very real contributions he had made. He and his partners poached RCA’s
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head of licensing to be the president of the Farnsworth manufacturing company
which he created in 1939. The iconoscope was by now superior to the dissector
even in telecines but the improvements that had allowed the iconoscope to
overtake the Farnsworth camera had been purchased by incorporating
Farnsworth’s concepts (as well as EMI’s). Indeed Zworykin acknowledged this
by now designating his machine the ‘image-iconoscope’ exactly because it
scanned an electronic analogue of the image, clearly infringing Farnsworth’s
1927 dissector patent. After five months of negotiations RCA was forced into a
licensing agreement with him—an event whose only precedent was the EMI
secondary emission deal. In September a general agreement was reached with
Farnsworth and Zworykin published the details of his latest camera (Iams et al.
1939:541). Farnsworth’s biographer claims that the RCA vice-president who
signed the contract wept (Everson 1949:246).

Both Zworykin and Farnsworth had opted for modulating their signals by
strength—intensity—as the underlying principle of their television systems,
although they dealt with the electron stream very differently. But at the outset
Rozing had proposed, albeit very vaguely, a sort of frequency modulation
system, whereby the greater the light the faster the stream of electrons.
Frequency modulation of the audio signal had been perfected by Edwin
Armstrong, another extremely sophisticated lone investigator. During this
period Armstrong turned his attention to modulating the video signal in this
way and his interest and presence further muddied the corporate and patent
waters.

This phase of technological performance—"‘invention’—can take place either
synchronously with or subsequent to the crucial supervening necessity which
ensures diffusion. In the case of television, the invention phase is synchronous
with some underlying supervening necessities. These would include the general
drives conditioning the development of popular entertainment which
underpinned the development of cinema and radio—the addiction to realism in
the culture, the supremacy of the nuclear family and its home, the
industrialisation of the entertainment business. But there are other specific
elements in the supervening necessity underpinning television which had not yet
manifested themselves—spare industrial capacity at the end of the Second World
War, for example, and the push to consumerism. Thus this invention phase is
responsive to only some of the underlying social necessities sustaining the
development and the eventual diffusion of television.

This partial operation of the full range of social necessities also accounts for the
fact that ‘invention’ in this case proceeds synchronously with the second phase of
prototype performance, allowing the British and Germans to hold run-offs between
a partial mechanical prototype and the invention proper. But more than this, the

lack of a clear supervening social necessity delays the diffusion of television and
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becomes meshed with certain elements of suppression which also begin to emerge

as television becomes ever more practical. Let us deal with the accelerators first.

NECESSITY AND SUPPRESSION: ENTERTAINMENT

Television, electronically scanned television, was a partially demonstrated but
soundly grounded theoretical option by 1911. It was a mass medium by the mid-
1950s. These forty-plus years yield one catalytic external supervening necessity,
which is of greater moment than any single technological advance in the same
period. It occurred after the conclusion of the Second World War.

The crucial enabling factor which transformed television from toy to mass
medium was the spare capacity of the electronics industry in 1945/6. In the two
years from April 1942 (according to the premier issue of Television magazine),
defence spending had expanded the radio industry of America by between 1200
and 1500 per cent. More than 300,000 workers were involved. As the magazine
put it: ‘The question now arises what to do with these facilities after the War, for
the demands of aural radio alone will not be sufficient to keep many of them
going. Only television offers the promise of sufficient business’ (Boddy 1990:45;
emphasis in the original). James Fly, then chair of the FCC, wrote: ‘I think it
quite likely that during the post-war period television will be one of the first
industries arising to serve as a cushion against unemployment and depression’
(Hubbell 1942:xi).

As with radio in 1918, so with television in 1945. In America it was still
‘experimental’. RCA had built a plant for the Navy at Lancaster, Pennsylvania,
which had mass-produced cathode ray tubes. Immediately after the war RCA bought
the plant back and within a year was manufacturing a 10-inch table-top television,
the ‘630 TS . It sold for $385, which compares well with Sarnoff’s proposed 1916
price of $75 for a radio.

Even beyond the not inconsiderable commercial consequences of marketing the
sets, RCA and others were strenuously arguing that the post-war economy needed
enhanced levels of consumer demand in general which could be fuelled only by an
effective new advertising medium. These considerations were finally to break the
deadlock in the development of American television. As we shall shortly see, the
social brake—suppression—was already being applied by various interests since at
least the start of German and British public services (using, to all intents and
purposes, RCA systems) in 1936. In the intervening decade the United States had
been at war for only three years. The war cannot be claimed as the delaying factor
in all the years of peace up to 1939 (or 1942). On the contrary, it was this war
which provided, by creating a vast electronics industry, the final supervening

necessity for television.
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This necessity, though, would have been insufficient of itself had it not been for
the other long-standing drives at work in the society, drives which created and
sustained the research interest in television. As in Tolstoy’s tale of the giant turnip,
the efforts of the mouse are required at the end of the farmer’s line of stronger
helpers to get the monstrous vegetable out of the ground and into the house. The
slowing cathode ray tube assembly lines are the mouse. The farmer, his wife and all
the others are to be found, as it were, in those tendencies within society, previously
discussed, that create entertainment and information forms for the urban masses.
Television then follows the path beaten by radio to the home. It also trades, as does
cinema, on those deep social addictions to realistic modes of production and
narrative. All the background supervening necessities—addictions to realism and
narrative—reinforced these industrial and economic perceptions of need (Winston
1996:22-6).

This then can help explain the stalls and delays to be seen in the history of
television’s development. These general cultural traits constitute powerful
underlying supervening necessities for television, but they are not of themselves
strong enough in the period from 1936 (at the latest) to get a television system
widely introduced to the public, either in the US, where such a possibility is denied
by the government, or in the UK and Germany where, as I have explained above, it
is encouraged. They sustained the R&D but they could not overcome the forces
working to protect the status quo against the disruptive effects of the new
technology.

This uneasy balance suffuses both the German and British experience of
television in these years. Despite the clear articulated propaganda policy of the
regime, the Germans never had more than between 200 and 1000 sets in the entire
country, although admittedly almost all were sited in halls seating between forty and
400 (Uricchio 1990:115).> The technical developments outlined above and the boost
given by the coverage of the Berlin Olympics in 1936 ‘failed to meet public
expectation’. By the time the Nazis decided to allow the Volkfernsehen (and risk
people being rude about the regime in the privacy of their own homes) it was 1939
and the war intervened.

The technology was no more popular in the UK. The British, ignoring the
supposed beneficence of the marketplace, inaugurated by government fiat a fullscale
public experimental service in November 1936 using the two systems. In February
1937 the London Television Standard of 405 lines at 1/25th of a second, interlaced,
was adopted and Marconi/EMI was allowed to broadcast alone. It was thus no
longer ‘experimental’ but the public take-up of the service proves that it was
nevertheless premature. Barely 2000 sets were sold in the initial year of operation,
and this despite a reduction of about 30 per cent in their cost and the wonders of
the first televised coronation. By the outbreak of war only about 20,000 sets had

been sold.
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There were a number of problems. Although viewers’ responses, audience
research and the press were all largely favourable, the level of repeats drew
criticism (Norman 1984:210—11). More serious public concerns among non-
adopters of the new medium included the limited hours, worries about
obsolescence because of the conflicting systems and an unawareness that the
highly publicised low definition Baird picture was a thing of the past (Briggs
1961:611-12). These problems would have vanished if the market had been talked
up, if the demand had been there; but the demand was not being stimulated as it
was to be in the 1950s. Without the new ‘high definition’ electronic system being
given the same level of public exposure Baird had generated for his almost
unwatchable low definition experiments, television was by the outbreak of war in
1939 an over-hyped technology—in fact the first we have encountered. It will not
be the last.

The making of extravagant claims ungrounded in performance realities is a new
factor in the operation of the ‘law’ of suppression. Disappointed early adopters and
media reporting of that disappointment become a deterrent. In the case of
television, this allowed the BBC in the late 1930s to avoid having to make the sorts
of decisions confronting it in the late 1940s, i.e. how to begin diverting resources to
the new medium from the old, radio. And this draws attention to another obvious
reason for the slightly lukewarm approach to television from the BBC in the late
1930s; radio was not then an old medium.

Giving established players in one technology the task of exploiting a new
cognate, and therefore threatening technology is a not unusual way of ensuring
that the ‘law’ of the suppression of radical potential will operate. Radio (and with
it, the BBC) had barely come of age; and talking pictures were even younger than
that. Both were prospering despite the Depression. Public attention, and with it
the public’s purse, were therefore elsewhere. Whereas the public might tell
researchers it wanted television, the entertainment industry stood ready to ignore
the demand. In the US, the FCC saw its regulatory role in terms of ensuring
corporate stability. That was the public interest it was defending. It took no notice
of any evidence of public demand such as a 1939 poll which estimated that four
million Americans were eager to purchase television sets (Udelson 1982:96).
Instead, the commission still insisted on ‘experimentation’. Via its good offices,
the radio and movie industries, because of the investments they had entailed,
constrained television development.

The British experience shows that American hesitancies were probably justified
because public demand, whatever people told the pollsters, was not really there.
Asking people if they would like more entertainment and would pay for it is
different from actually offering it to them and demanding money; but this is exactly
what the BBC, having been forced into television, was doing in the years before the

Second World War. However, no mass audience was created so no manufacturing
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base emerged and, as we have seen, by 1939 there were almost no television sets in
British homes.

Television was invented in the straits between the Scylla of established industry
and the Charybdis of innovation; between the brake of established markets and the
need to create, through innovation, new markets. The broad social supervening
necessities, requiring highly iconic home-delivered entertainment systems,
sustained technological performance so that research on the device continued
through all this, but slowly. It would take the particular necessity of maintaining
wartime levels of electronic manufacture to make the television receiver—in
Britain and the US, as well as in the rest of the world—"‘the shining centre of every

home’. Without that final push, the brakes were more powerful than the accelerator.

SUPPRESSING TELEVISION: 193548

The received explanation of what happened, in America, after television had been
‘invented’ is as follows:

The Radio Manufacturers Association (RMA), a trade group dominated by, but
not wholly a creature of, RCA, had set up a television committee which, by 1935,
was ready to set about establishing appropriate standards. RCA by this year had
reached 343 lines in an interlaced raster scanning at one-thirtieth of a second,
although Zworykin had made some tubes that could produce more than 400 lines.

In the following year, the FCC began the difficult business of making frequency
allocations for television in what was then still called the ‘ether spectrum’. The
RMA attempted to expand this agenda by offering ideas on standards as well. It
suggested that the FCC should establish, within the spectrum allocated, that all
‘experiments’ use a 441-line picture on a band six megacycles wide (the lines being
thought the maximum accommodatable in that bandwidth). Other matters,—the
polarity of the signal, the aspect ratio of the picture, the synchronisation standard—
were agreed within the RMA and also presented to the FCC. No mechanical
scanning systems were envisaged.

The FCC more or less accepted the bandwidth proposal as outlined by the
manufacturers but otherwise did not respond. The commission felt that further
‘experimentation’ was in order not to test mechanical against electrical scanning, as
was the case in Europe, but essentially because it was unable to arbitrate effectively
between RCA and its rivals, Zenith, Philco and Dumont. RCA’s increasingly
commanding patent position created fears of monopoly, especially since the
company’s style was to seek technological exclusivity. In 1930 the direct pressure of
consent decrees had pushed General Electric and Westinghouse out of RCA. (AT&T
had presciently given up its interests four years earlier.) The Justice Department had

found it increasingly uncomfortable to have the other companies, at the
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manufacturing level, in supposed competition with themselves. RCA was no longer
a creature of the industry but was now a corporation like any other. It did not
dominate radio manufacture nor did it dominate programming, but none of its rivals
in either of these spheres could match its total range of operation. Its corporate
culture was a consequence of this. It owned a telegraph company and in 1937 was
seen to be trying to extend its business in this area by buying up Western Union. It
was a strapping and overweening bully-boy when it came to television. There
Sarnoff was even prepared to take on the phone company by harking back to the
carliest phase of the television research agenda: ‘“The ideal way of sending messages
(he said) is to hold up a printed sheet that will be immediately reproduced at the
other end; facsimile transmission and television are about ready [for that]” (Waldrop
and Borkin 1938:127-8).” Such behaviour provoked the thought in some minds that
the Justice Department might have been deliberately encouraging the creation of a
giant capable of taking on AT&T.

AT&T, with its history of constant conflict with the US government, tended to
conduct itself with more restraint. It was far more amenable to cross-licensing
agreements and the like, seeing the patent system as providing less complete
protection than bargaining positions. Unlike RCA, AT&T’s corporate culture,
formed in the Vail era, dictated controlled technological exploitation, careful
market positioning and diplomatic engagement with the American regulatory
regime. Since the threat was always against its telephone monopoly, it was prepared
to share everything else to protect that core enterprise; that is to say, it always
wanted a patent position in areas cognate to telephony. A good example of this can
be seen in the way it chose to handle film sound. It did not directly take over
Hollywood which its command of that technology would have easily allowed but
which would have been anathema to the Justice Department. Instead, it made sound
as widely available as possible.

It also sought to maintain a position with television. For example, when signing
up every major film studio to its Westrex sound system, bar RKO which was
owned by RCA, it insisted from the outset in 1927—well before any seriously
viable all-electrical television system was in the offing—that all sound films shot
using its equipment (the majority) were not licensed ‘for any uses in or in
connection with a telephone, telegraph or radio system or in connection with any
apparatus operating by radio frequency or carrier currents’ (Waldrop and Borkin
1938:128)—that is, television. In its usual farsighted way it was seeking a position
in a developing technology which might metamorphose into a threat to one of its
established businesses, i.e. the ERPE film sound company which marketed
Westrex. Using ploys like this, AT&T hedged its bets. In the next decade, it
maintained its interest in the videophone and concluded a deal for the Farnsworth
patents which in turn gave it a lever over RCA. It was then forced to play the

Westrex card by dropping all restrictions and limitations in the contracts and
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royalty agreements for sound film as soon as RCA brought a legal threat to bear.
But this concession allowed AT&T to force RCA into a general cross-patenting
agreement (Greenwald 1952:185). At the end of the day, AT&T only had one real
interest in this matter. It was determined to position itself in television as it had
done in radio by building the network (p. 262).

Unfortunately, from the FCC’s point of view the other television players were
less well placed and the commission could see them being swamped by RCA. The
ostensible technical agenda of the American debate between 1936 and 1941 was
comparatively meaningless. The hidden agenda was to hold down RCA by refusing
to agree standards and permit a full-scale public service. The irony is that within
weeks of this negative decision of the FCC in 1936, the Germans began
broadcasting their version of the RCA system and within months the British variant
was established as the London Television Standard. Defining the term ‘experiment’
as opposed to ‘service’ was becoming more a matter of policy than an assessment of
the efficacy of the systems involved.

Thus RCA’s 1939 demonstration at the World’s Fair was designated as a
‘television service’, but by the company not by the commission. The RMA
resubmitted barely altered suggestions for the standard but to no effect. A year later
the FCC was still insisting that:

no attempt be made by the industry or its members to issue standards
in this field for the time being. In view of the possibilities for research,
the objectives to be obtained, and the dangers involved, it is the
judgement of the commission that the effects of such an industry
agreement should be scrupulously avoided for the time being.
Agreement upon the standards is presently less important than the
scientific development of the highest standards within reach of the
industry’s experts.

(Fink 1943:11)

Had the war in Europe not suspended transmissions, the British would have been
preparing to celebrate a fifth birthday at the time of this decision. The London
Television Standard, with only 405 lines, worked well enough for there to be
more complaints about repeats than about technical quality. The German
broadcasts were not halted by war and their service continued. In America, the
pattern established in 1927 to issue only experimental licences continued with
anything between twenty and forty licensees being active, but without a
standardised service. The FCC continued to insist that ‘As soon as engineering
opinion of the industry is prepared to approve any one of the competing systems
of broadcasting as the standard system, the commission will consider the

authorisation of full commercialisation” (Fink 1943:12).
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In this stand-off situation within the industry and between the industry and the
commission, the FCC and the RMA finally agreed to the formation of a National
Television System Committee, which would include all qualified engineering
opinions whether within the RMA or not. In short order, at least by comparison
with the previous pace of events, 168 people produced 600,000 words in minutes
and reports, met for 4000 man-hours and spent a further 4000 hours gathering on-
site evidence and watching twenty-five demonstrations. All this was done within six
months. From the time of the initial agreement to proceed in this way to the
acceptance, by the FCC, of the final report of the NTSC a mere fourteen months
had elapsed.

This was a rather less startling display of efficiency than appears at first glance.
After all, virtually everything of substance had already been previously decided. The
lines were increased to 525 because it was now known that this rather than 441 was
nearer the effective maximum for the six megacycle band. FM audio was chosen.
The VHF spectrum was secured. But for the rest the NTSC endorsed the RMA
proposed standards of 1939 which were a rerun of the 1936 suggestions. On 27
January 1941, the chairperson of the FCC, James Fly, said: “This is another example
of the best that is in our democratic system, with the best in the industry turning to
a long and difficult job in an effort to help the government bodies in the discharge
of their function so that a result may be achieved for the common good of all’ (Fink
1943:3).

What had been gained technically in television during the period of the 1936—
41 delay was marginal: 525 lines were better than 441 lines but both were in the
same range, the quality of the 16mm home movie image. At 525 lines that was
still all that was achieved. As for the imposition of FM sound, it can be argued
that the VHF band, being less subject to the sort of interference FM was designed
to combat, did not require it—certainly, it required it less than did radio where
the imperative was created by the poor quality of the AM bands. More than all
this, at the end of the day in 1941, the two major technical options which really
did need serious consideration were ignored. The possibility of moving to the
UHF band, which the FCC had begun to license for experiment in 1937, was left
hanging over the future of television and FM radio (which would have occupied
the vacated VHF TV channels). And, prior to the NTSC agreement, CBS had
demonstrated a viable colour system which was also ignored. Indeed the
uncertainties of the art in 1941, when the bullet was bitten, were if anything
greater than in 1936.

The introduction of a television service in the United States was delayed
because the ‘law’ of the suppression of radical potential was at work. The
disruptions feared were many. Television had to be made to fit into a media system
already accommodating live events of all kinds, print, films and radio. And the

diversity of manufacturing and programming interests had to be continued so that
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the balances achieved across the entire mass communication industry would not
be upset. Central to this were concerns over RCA’s approach. The British,
grappling with the same problems, were quite specific as to what had to be
guarded against. As the Selsdon Report which mandated the 1936 race between
the television systems put it—"‘any monopolistic control of the manufacturing of

receiving sets’. The report goes on:

The ideal solution, if it were feasible, would be that as a preliminary to
the establishment of a public service, a Patent Pool should be formed.
...We have seriously considered whether we should advise you [The
Postmaster General] to refuse to authorise the establishment of a public
service of high definition Television until a comprehensive Patent Pool

has been formed.

(Selsdon 1935:16)

Although it had happened with radio, Lord Selsdon and his committee decided this
was impracticable this time, perhaps because of the widespread range of techniques
being suggested for television, and so gave the nod to the service anyway. In
America the commission remained fearful of an RCA monopoly. However, the
delaying tactic worked. RCA was contained. When television finally happened after
the war, the firm was not alone. There were rival networks, many manufacturers,
diverse programme suppliers. Its containment does not imply that it did not profit
mightily from its television investment; as William Boddy says: ‘RCA...won the
war’ (Boddy 1990:34). Nevertheless, it did not profit as mightily as AT&T had done
from the telephone—that is, with a virtual monopoly.

The marketplace itself was not enough to ensure that result. On the contrary,
since no ‘inventor’ came up with a system as viable as that of RCA’s ‘inventors’,
the unfettered company would have cleaned up; or, as with early American
telephony, chaos would have ensued with many minor competing systems needing
to be absorbed. Hence the interventionist role of the FCC, unconcerned about the
public but working most effectively to keep the industry stable through a period
of threatened upheavals. The ‘law’ of the suppression of radical potential ensured
that all the major radio industry players and AT&T should remain in the new
game, and they did.

In this the commission was further aided by the war. The FCC had authorised the
commercial (as opposed to the experimental) operation of television stations in
accordance with the twenty-two NTSC standards on 1 July 1941. On 7 December
the United States entered the war. The war prevented the creation of the mass
medium of television but it also allowed the manufacturers to regroup for the new
product with a minimum of disturbance. They ceased making domestic radios, more

or less, and worked on material for the armed forces. When that stopped, they were
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ready to take up television. Indeed, their need to make television receivers was the
final supervening necessity.

However, if the end of the war found AT&T and the radio industry agreed about
television, AT&T’s movie clients on the West Coast were not yet accommodated
into the emerging order.

Received opinion has been that the film industry was caught napping by
television and the Hollywood studio system was destroyed, but it is now generally
agreed that the consent decree of 1948 forcing the studios to divest themselves of
their cinema chains is of far greater moment than the arrival of American
television’s first big year. At best, television was a third blow to Hollywood, which
was not only suffering under this enforced reorganisation but also enduring the
beginnings of McCarthyism.

The movie moguls knew all about television. After all the very first public
television demonstration in America, by Jenkins, was specifically designed for the
home delivery of movies. By the late 1920s AT&T was contractually limiting the
studios by forbidding them the right to sell sound films which used its Westrex
system to television even before the technology was in the marketplace. H.E.
Alexanderson had used film for early GE television demonstrations in 1927 (Hilmes
1990:118). The Academy of Motion Picture Arts and Sciences in its report on
television, in 1936, stated: ‘there appears to be no danger that television will burst
upon an unprepared motion picture industry’ (Waldrop and Borkin 1938:126). By
then radio shows, either with stars or edited soundtracks or both, had been
produced in Hollywood for years and the movie community’s understanding of that
world influenced its basic attitude to television. It was neither ignorant nor
disdainful but rather imperialist. The moguls tried to usurp electronic distribution
of video signals. They failed, but for all that their forces were distracted during a
crucial period of television’s development, the ‘law’ of the suppression of radical
potential saved them anyway.

Television became the dominant medium and it was owned by the radio interests
yet, despite that, Hollywood (albeit changed and regrouped) nevertheless became its
major production centre. Exactly how that was achieved constitutes the last phase of
the operation of the ‘law’ of the suppression of radical potential in television
history—from the end of the war to the mid-1950s. The maintenance of stability

among the radio production interests during this same period is another element.
SUPPRESSING TELEVISION: 1948 TO THE MID-1950s

By 1948 television was finally poised to cover the nation. It had not been

making much money but there were four networks, fifty-two stations and nearly

a million sets in twenty-nine cities. In those communities, at least according to
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popular press reports, all other entertainments were suffering. Then, in
September, the FCC ceased to process licences. The official account justifies this
action because stations, at 150 miles minimum distance, were found to be
interfering with each other.

Originally, in 1945, the commission had determined that stations using the same
channel should be 200 miles apart. This meant that whereas Chicago was assigned
five channels, New York got only four and Washington and Philadelphia three each.
The industry protested and the FCC dropped the distance to 150 miles against the
advice of the engineers. The engineers were right. The confusion that followed
caused a four-year freeze on new stations. A further 400 applications were simply
held up.

Since it is clear that a competent radio engineer with a good contour map could
have solved this problem in something less than the forty-three months it took the
FCC, interference is scarcely a convincing explanation for the length of the delay.
Adding the Korean War (which halted nothing else in America but which is cited as
contributing) hardly helps to explain the length of ‘the freeze’.

The period between 1948 and 1952 saw the refinement of the de facto deal
made in 1941 within the radio industry. The main threat to the stabilised diffusion
period, which the 1941 agreement on standards had made possible, was caused by
colour. By 1949, RCA engineers had produced what Sarnoff had demanded of
them in 1946, a colour system compatible with the NTSC 1941 standards; that is
to say, the colour signal would appear in black-and-white on a precolour
monochrome receiver. Abandoning a semi-mechanical system, the RCA
Laboratory concentrated on a method which used green, blue and red filters to
sensitise three separate pick-up tubes within the camera. When the three resultant
signals were superimposed on each other, via a system of mirrors, a full colour
signal was created.

To receive it, RCA followed up on a concept of a German engineer, W. Flechsig,
who had thought of a colour cathode ray tube in 1938, in which triads of colour
phosphor dots, red, green and blue, were to be activated by a mesh of fine wires.
Flechsig’s concept was simply an electronic version of the Lumicres’ autochrome
colour photography system of 1907 which also used this Pointillist sort of approach.
Keeping the triads of phosphor dots, RCA engineers had modified Flechsig’s
otherwise difficult, if not impossible, proposal by suggesting that instead of wires,
electron beams could be used passing through a mask drilled with holes—hence
‘shadow mask tube’. When Sarnoff demanded a compatible colour system, this was
the prototype to which H.B.Law of the Lab turned.

CBS had a rival system. It had been experimentally broadcasting in colour, under
the direction of Peter Goldmark, since 1940, transmitting 343 lines. The CBS
machine appears to be the very last in the line that starts with Nipkow in 1884, for

Goldmark used a spinning disk, both in transmission and at the home end; but, as
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the disk was used to create colour rather than for scanning, it really owed more to
the earliest colour film projectors with their spinning trichromatic filters (Anon
1940:32-3). Goldmark was in a considerable tradition, even leaving the pre-
twentieth-century Russian proposals aside. Baird, using trichromatic filters in a
disk, had transmitted a colour picture in July of 1928 (Norman 1984:50). After his
retirement from the race of 1936 he went back to this work. Also, in 1929, Dr Ives,
of the Bell Labs’ videophone, although presumably no more certain as to the utility
of the device than he had been two years earlier, nevertheless revealed a colour
version (Ives 1929). It used sodium photo-emissive cells that were sensitive to the
full range of visible colours.

In 1941, the NTSC had ignored both this tradition and the CBS experiments
when making its recommendations; but, as it did not believe colour developments
would necessarily result in compatibility with the monochrome standards it was
establishing, this was logical. In a questionnaire issued at that time, the NTSC
advisory panels concerned with this matter voted twenty-eight to seven against a
compatibility requirement (Fink 1943:41). Anyway, contrary to the received
history, by the late 1940s the CBS system was compatible with RCA monochrome
receivers, if they had tubes smaller than 12 1/2 inches and a simple tuning
bracket had been added to the set. In the light of this the FCC, determined to
thwart any further extension of RCA’s dominance of television technology,
adopted the CBS system in the middle of the freeze, in September 1950. The ploy
did not work and the system was never introduced to the public. The
manufacturers, tied to RCA for their black-and-white business, refused to
accommodate the CBS bracket or make spinning disk receivers. A lawyer, involved
in a congressional investigation of the FCC’s apparent failure to implement its
stated anti-monopolistic policies, wrote: “We do not know whether any pressure
was brought on them [the manufacturers] by their licenser [RCA]; but we do
know that their refusals effectively ‘killed’ the CBS colour system which the FCC
had adopted’ (Schwartz 1959:789).

A Senate report of 1950 evaluated the CBS/RCA systems (and a third system in
a yet more experimental state) finding, across some eighteen measures of utility,
efficiency and effectiveness, that the RCA system had eight better performance
characteristics than CBS, four as good and six worse. In all, CBS’s colour fidelity
was deemed to be better, but its sets could not, because of the spinning disk,
produce pictures bigger than about 1 foot across (Senate 1950).

It might perhaps be thought that this hidden battle about colour, rather than the
public débacle over station distances, was the reason for the freeze. In one sense this
is true, since the colour issue was part of the whole question of the continuing
stability of the radio industry during the period of television’s initial diffusion. But
colour in a more direct sense cannot be the reason. It came to the fore after the

freeze had begun and was resolved, in favour of RCA, after it was over—at the end
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of 1953. Anyway, rather like the British introduction of monochrome service in
1937, colour was premature. Americans no more rushed to buy colour sets than had
the British to buy black-and-white televisions in the late 1930s. Sales did not really
take off until the early 1970s and the result of American pioneering in the early
1950s was the adoption of an RCA system markedly inferior in quality to the
systems developed slightly later for European broadcasters.*

The Commission, in opting for RCA colour in 1953, abandoned the rhetoric it
had used to constrain television in the late 1930s and early 1940s; that is, an
argument that delay was necessary because technical improvements could be
expected. Further, the RCA decision was made despite the policy of resisting
monopoly in all aspects and at all levels of American broadcasting. FCC lawyers
warned of the serious consequences of proceeding with the RCA system without
considering the patent situation. However, the commission had seen that the
dangers of RCA’s monopoly were less disruptive to the industry than an insistence
on the CBS system for the ideological sake of diversity (Schwartz 1959:788). Some
went so far as to suggest that the colour inquiry was reopened, after the wavelength
assignments had been cleared up, specifically to consolidate further the protection
the major players had already received (Boddy 1990:51).

Beyond the fracas about colour and signal interference, the truth about the
freeze was that the industry was not ‘frozen’ by it at all. In 1946 there were 5000
sets. By 1950 there were just under ten million. Two years later, the number of sets
had increased to fifteen million and more than one-third of the population had
them. Television was bringing in 70 per cent of broadcasting advertising revenues by
1952. The ‘freeze’ worked to suppress television as an area of exploitation for new
interests. NBC, after all, had been encouraging its affiliates to obtain television
licences for years. It and its main rival, CBS, transferred their hegemony to
television. The owners of the first 108 stations, in effect the radio industry, were
able to bed down and sew up the new structure as an echo of the old (Boddy
1990:50). The shape of American television behind this protective wall was
established with the minimum of disturbance, despite the internecine disputes.
Advertising revenues, programs and personnel were transferred from radio to
television with comparative case.

The freeze concluded with the issue of the FCC’s Sixth Report and Order which
institutionalised these results. By 1952, in utter obedience to the ‘law’ of the
suppression of radical potential, the broadcasting industry had metamorphosed from
radio to television and nearly every audio-caterpillar had successfully become a
video-butterfly.

Something else, less remarked upon, also happened during the ‘freeze’. In 1948
the top programme in the television schedule was Milton Berle’s The Texaco Star
Theater on NBC, a variety show. It was soon joined by Ed Sullivan’s Toast of the Town
on CBS. Both of these were live productions from New York. In 1952 the top show
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was filmed in Hollywood, I Love Lucy. This is not to say that in these four years
production moved from the East to the West Coast. It is simply to point out that the
television industry’s structure, which looked at the outset of this period to be
essentially live and in New York, looked at the end of it also to have a place for film
and Hollywood. The implications of this move would take most of the 1950s to
work out, but by the end of the decade, the era of the live New York productions in
the prime-time schedule was largely past and people were already referring to it as
‘the Golden Age of American television’.

Hollywood’s first idea about television was to incorporate it. All the early
pioneers had shown large screen as well as small formats and the possibilities of
theatre television looked as real as domestic options. At the Swiss Federal
Institute of Technology Professor Fischer shared Hollywood’s general view of
television’s potential as a theatrical entertainment form and, in 1939, he
developed the Eidophor which was to become the standard device for large screen
television projection (Dummer 1983:119). In 1941 RCA demonstrated a 15X20-
foot screen which was installed in a few theatres (Hilmes 1990:121-2). By 1948,
Paramount’s own system was installed in their Times Square showcase and the
heavyweight boxing bout was established as a staple of the distribution system. By
1952 a network of more than a hundred cinemas was equipped with electronic
systems yet within a year, theatrical television’s promise had been blunted (ibid.:
123). AT&T used the coaxial rate card to price the movie interests out of the
market while the FCC denied them the right to use parts of the UHF spectrum
instead. This block occurred exactly at the moment the freeze ended and the
boom in domestic television finally took off. Even as this market opened out for
its product, the film industry also decided to roll out a number of technological
responses, as alternatives, as it were, to the Eidophor—Cinemascope, 3-D and
other spectacles (ibid.: 123—4). Theatrical television, except as an occasional
technique for big boxing matches, was totally suppressed. The large screen
equipment, especially the Eidophors, survived as back projection devices only
inside television studios until colour allowed for electronic image matting—
Colour Separation Overlay (CSO)—instead.

A further option was explored during the ‘freeze’ and took a longer time to die,
if indeed it is dead yet. Subscription television, for which (by the late 1940s) there
was an ample range of hardware, began in Chicago on a trial basis in 1949 (Hilmes
1990:126). In 1953, Paramount’s test in Palm Springs was closed in response to a
threatened legal action. The charge was that as the producer of the films it was
showing on its system, it was once more, and illegally, engaged in exhibition. In
1953 it bought itself into ABC and became a major part of the raucous campaign
against pay television which, for a time at least, united the cinema owners and the
broadcasters. The FCC regulated these tests, but made it clear that it thought its

duties lay in protecting the existing system from unexpected competition. Pay TV,

123



THE SPARK AND FUGITIVE PICTURES

where individual programs rather than whole channels or services are bought, also
languished.

Hollywood’s way forward into the television age did not lie with alternative
television distribution systems but with the radio broadcasters. The freeze had
shown two things: first, that short-form Hollywood series could be as popular as
anything produced elsewhere, and, second, that old movies had appeal. The studios
were quicker to respond to the former possibility. They had difficulty in establishing
telefilm operations because to do so would have upset their theatrical clients—just
as, in the 1980s, the American networks could not offer popular programme
services to the cable industry without upsetting their broadcasting affiliates. But
despite this, RKO did set up a subsidiary for telefilms as early as 1944. Slowly the
deals were done; ABC with Hal Roach Jr; the first Disney special; Warner Brothers
Presents.

After the freeze the trickle of Hollywood prime-time product became a flood.
By 1955, telefilm raw stock consumption was ten times greater than that of the
feature side of the industry. Of course, there were many new production entities
involved in this but, despite the rise of some smaller entreprencurs, it was
essentially old Hollywood. A few of the players had regrouped under new banners
but most were still manning the same stores.

After the freeze, with this beachhead in the schedules firmly held, beginning
with RKO in 1956, the majors sold their libraries. By that time, New York had come
to call, with both CBS and NBC building major production facilities in Hollywood,
consolidating the tradition begun with radio. New York was left with news, sport,
documentaries, variety and the daytime soaps, and Hollywood got the dramatic
staple of the schedule. In 1949 none of this was clear. By 1952, the mould of
American broadcast television was setting fast. After the freeze, the number of
stations jumped to 573 broadcasting to nearly thirty-three million receivers.
Between 1955 and 1960 another eighty stations and 36.5 million sets finally made
America into the earth’s first televisual nation (Owen 1962:820).

The ‘law’ of the suppression of radical potential worked against the supervening
necessities to hold television in limbo just outside widespread diffusion throughout
the 1930s and 1940s. After the supervening necessity of spare electronic industry
capacity made its introduction inevitable, the ‘law’ worked to contain its disruptive
forces. This is true not just of the United States where the regulatory process
existed in such an uneasy harness with the potential excesses of the free market—in
the sense that, without the FCC, America could well have had more than one system
on more than one standard, as had been the case with telephony in the years
between the lapse of the Bell master patent and the imposition of order by the US
government. In the UK, where government fiat had encouraged the premature
television service, post-war progress matched that of the United States, although it

was conducted somewhat more rationally. Here, and throughout most of the rest of
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the world, the ‘law’ of the suppression of radical potential worked straightforwardly
through austerity.

By the end of 1952 there were still less than three million receivers in the UK.
When, by 1952 (the year when America finally got the go-ahead for national
television), the BBC completed its network of major transmitters to reach 78 per
cent of the population, it had less to do with the shakedown of warring elements
within the industry than with basic economics. Yet there were such elements, and, as
had been the case with radio, the BBC was allowed to develop a new technology
without competition from commercial broadcasters. Only when the system was
established and the BBC had successfully transformed itself from a radio into a bi-
media entity did the advertising lobby in Britain finally get in on the act, winning, in
1954, the right to broadcast commercials and also, necessarily, the programs to put
round them.

Elsewhere, with improving economic conditions, 1952/3 marks the true start of
television diffusion. Italy began a five-year plan to cover the nation. North
Germany’s network was completed. The French added Lille to Paris and started
work on three other transmitters. In Canada, CBC began programming. By the early
1950s, and only then, could it be said that television had finally arrived. Further, in
every nation, the arrival did not displace whatever interested parties pre-existed the
‘invention’. Everywhere, radio manufacturers and producing entities switched to

television. There were no casualties. There were few new faces.
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TELEVISION SPIN-OFFSAND
REDUNDANCIES

SPIN-OFFS AND REDUNDANCIES: VCRs, CDs et al.

This book is not focused on how manufacturing and production sectors progress
after a given technology reaches a launch platform for diffusion. The industrial and
cultural formations which grew up around the expansion of television, the
production phase in the model, are largely outside our scope; on the other hand,
spin-offs, which in the case of television could, for example, include certain non-
broadcast uses of the cathode ray tube, television recording methods and new
standards for the television signal, are not. The most important non-broadcast uses
of the tube have been in connection with computing and this will therefore be dealt
with in Part III. Here let us deal with a spin-off which has come to be called, in
distinction to television, ‘video’; that is, videotape and all the domestic devices, the
competitive technologies and the further spin-offs it has spawned.

Of all the new media technologies now available the home videocassette
recorder has proved to be the most significant. Overshadowed by the enormous
public relations exercise mounted first by the world’s cable and satellite interests
and then by proponents of home computing and the Internet, VCR growth has gone,
by comparison, almost unnoticed; yet between 1980 and 1995 the number of VCRs
increased, in the US, from 1.8 million to 86 million. Ninety per cent of all
houscholds with television had one by 1995. Each of these homes was renting a
video nearly every week, over 4000 million transactions per annum in a $10,000
million market (Veronhis Suhler 1996:172, 176). No device has been adopted more
quickly even though it took five years, from 1974 when VCRs were first freely
available until 1979, for sales to become significant. That year, as in 1962 for the
colour televisions, nearly half a million units were sold. By 1981, the 1.3 million
VCR sales matched the 1.3 million television set sales of 1964. Again, in 1983,
more than 4 million VCRs marched with the nearly 5 million colour sets sold in
1966. In 1984 nearly 8 million units went into American homes—far more than the

number of television sets sold in 1967, colour having peaked as a consumer item
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since by then more than three-quarters of all homes had one. By the 1980s, the
VCR was penetrating the US home at more than twice the rate the PC was to
achieve a few years later.

In Britain, where diffusion of the device was aided by the television set rental
business, penetration was even faster than in the US with 60 per cent of British
homes having a VCR by 1988. By 1994, 76 per cent of all homes had one and there
were 66 million rentals worth nearly £700 million. Across the rest of Western
Europe more than one houschold in three had the device by the late 1980s with
rates in Germany and France being closer to two in three (Lange and Renaud
1989:81). In some other parts of the world, penetration was even faster; 85 per
cent of all Saudi Arabian homes, for example, had a machine by 1985 (Tracy
1985:23). Curiously, though, there has been almost no hyperbolic reaction to this
development despite this being by far the most widely diffused of the new media
technologies.

As with radio and television itself, this is a technology that ‘fits’ culturally; that
is to say, the VCR meshes with abstractions such as the ongoing drive to put
entertainment in the home as well as practicalities such as the fact that it displays its
signal on the cathode ray tube of the domestic television receiver. It is even
packaged like the hi-fidelity audio systems that preceded it as part of the growing
‘home entertainment centre’. Second, it offers a real add-on advantage to television
since it breaks the tyranny of the programme scheduler, allowing for time shifting
and personalised archiving. Third, after initial purchase, even including regular
rental fees, it is inexpensive. It affords opportunities to enjoy theatrical films at a
fraction of the present cost of a cinema visit. Whereas 10 per cent of American VCR
owners hired pre-recorded material in 1979, 70 per cent did so in 1983. By 1995,
the average American VCR household was buying about four videos a year outright
in addition to their weekly rental. Hollywood was taking three dollars from video
sales and rentals for every dollar it took at the cinema box-office (Veronhis Suhler
1996:186). Finally, video is competitive with the cable and satellite home movie
channels which have, like broadcasting, fixed schedules and, unlike broadcasting, a
fixed monthly charge. (Cassetted movies are also more pornographic, at least in
America, than those shown on cable.)

Despite all this, the diffusion of the VCR still took some decades. Critical to its
acceptance was the decision of October 1981 on copyright, when a US court held
that no infringement was involved in home taping of broadcast signals. Sony had
successfully resisted this action which had been brought by United Artists and
Disney. The rest of Hollywood, even then, was not overly concerned. Since that
time sales and rentals from pre-recorded cassettes have become a major source of
revenue. As for American cinema owners, they perceived, largely correctly, that the
cassette user was quite distinct from their audience and otherwise lost to the

movies. In other countries there were more overt attempts at suppression. In
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France, for instance, cinema owners managed legally to restrict the speed with
which distributors could release cassettes of films still popular in the theatres. In
Britain and Germany cassettes were blamed for a diminution in broadcast
television’s audience in the early 1980s. Yet the impact on all these areas, film
exhibition, broadcast scheduling, copyright, has been quite gradual and certainly
uncataclysmic.

Radio and television had already transformed the cinema audience. Video was but
one of a variety of new competitors and not the one which attracted the most
attention. For television, balancing the potential threat of pre-recorded cassettes
was the advantage of increasing audience through time-shifting. Copyright holders,
after the initial worry, have been placated by the growth of an extensive and
controllable distribution industry in the form of local video-stores, many grouped
into large chains. Unlike the situation with recorded music, there is little copying of
video cassettes. Even if homes boast two VCRs they are unlikely to be in the same
room and attached to just one television. Illegal commercial duplication remains a
problem but not one which destroys the basis of the distribution system as a whole.

The domestic video cassette-player is a spin-off of a recording technology
developed for broadcasters, specifically for network operations (p. 266). It was
available for this purpose by the mid-1950s but from the very beginning of this line
of development, some had seen its potential as a home entertainment system. As
carly as 1953 General Sarnoff had pronounced: ‘Magnetic tape recording of video
signals should make possible simple means by which a set owner can make
recordings of television pictures in the home. And they can be “performed” over and
over through the television receiver just as a phonograph record is played at will’
(Sarnoff n.d.: 891). By the late 1960s the expectation was growing that videotape
would be able to provide ‘home libraries of films and television programs’ (Falk
1968:322).

To this end, Sony put 1-inch tape into a cassette in April 1969. The tape width
was reduced to 3/4 inch seven months later and the speed to 3.15 inches per
second. That same month Panasonic introduced a machine using a Y-inch tape
cassette which Philips had developed and which ran at 7% inches per second. Philips
revised this design the following summer, keeping the Y2-inch tape but reducing the
speed to 5.6 inches per second (Abramson 1973:195). One other addition to this
proliferation of mutually incompatible boxes appeared in 1969: JVC introduced a
square cassette using Ys-inch tape. ‘Video cassette’ was noted as a neologism at this
time.

Eventually the Y%-inch tape size, but in a number of revised formats, was to
prevail. There was a considerable battle between the Beta and VHS configurations of
Sony and JVC, which concluded in the 1980s with the former being beaten back
from the home while maintaining the edge as the last non-digital professional

standard, while the latter came to dominate the domestic home market. Although
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Beta was superior in quality and available earlier, in its earliest form it could only
record for one hour, not enough for a feature film. Building film libraries from off-
air recordings turned out to be a major application and the capacity of VHS to
record for more than an hour gave it what became a complete advantage. Despite
introducing cassettes with greater capacity, Beta never recovered.

These various video cassette systems penetrated society more quickly than
any other technology considered here. Nevertheless they appeared nearly two
decades after their industrial reel-to-reel cousins were introduced. It was to
take about five years for them to create space for themselves on retailers’
shelves and the better part of another decade for them to achieve the status of a
major consumer durable. This is the fastest aspect of the ‘revolution’, as society
has experienced it so far.

The VCR also occasioned a considerable number of redundant technologies.
Redundancy is, in part, a matter of timing, although it in part relates to function. It
occurs, like spin-offs, when technological performance continues beyond the point
of invention. With redundant performance, all that is produced are devices that
duplicate the essential functions of the invention or its spin-offs. Their efficiency (as
with prototypes in the second phase of the model) is not the crucial factor.
Redundant devices can work as well as those they seek to replace or sometimes they
can work less well. Such levels of performance will not disturb the diffusion of the
previous technology. Even superior performance will not be sufficient, necessarily,
to sweep away established inventions and spin-offs. In fact, superiority can be
nothing but a snare and a delusion for a redundant device is, in essence, nothing but
a retarded spin-off. Timing is everything.

Polaroid’s response to instant video, for example, was to produce an instant film
for the 8mm market. This failed to provide video’s off-air recording capability,
produced no library of material such as theatrical films and did not match, in price
or quality, 8mm film. It was thus redundant not only in terms of tape but also of
amateur film and was rapidly withdrawn.

A number of firms tried to avoid becoming Sony or JVC licensees by introducing
alternative video cassettes but they made no headway. Nor did those who tried to
avoid tape altogether. There were repeated attempts to impress or capture the wave-
form of the video signal on to various non-electronic media, a concept that went
back to de Forest in 1931 and Edison’s British lab in 1934. As alternatives to
videotape, General Electric in 1959, Eastman in 1961, RCA in 1964 and 3M in
1965 all produced systems which recorded on to film the television picture after its
conversion into an electron beam. The most strenuous attempt to get this
technology into the market was mounted by CBS which developed a technique
marketed as EVR in the late 1960s. The acronym stood for Electronic Video
Recording, a considerable misnomer since it was actually an electron beam process

using 8mm film in cassettes.
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Then there were videodisks. The problem here was that the audio disk analogy
did not seem to work for video. Perhaps this was because, unlike radio, where the
first retrieval technology, disks, did not allow for home recording, with video the
first retrievable home system, VCR, did. Time-shifting and personal off-air archiving
rendered the sustained attempt to market pre-recorded videodisks almost as futile
as the efforts to diffuse EVR. It must be said, though, that CBS’s commitment to
EVR was terminated with a great deal more dispatch and foresight than for
example, RCA exhibited pushing its version of the videodisk ten years later.

Of itself, the videodisk offers two advantages over videotape. It can be
randomly accessed to display instantly any frame; and, if utilising laser-based
technology, it is the most durable means available for recording audiovisual
signals. It was the first of these capabilities that led to the earliest developments.
By 1960, Philips, and various other players, major (like Sony) and minor (like the
MVR Corporation of Palo Alto), produced disk devices which stored instantly
accessible single picture frames. Typically the disk held only a few hundred
pictures, a few seconds of movement. The supervening necessity that brought
these hand-built machines into the television studios was the sports programs’
need for careful, considered, not to say academic, analysis of plays. (Supervening
necessities must not be subjected to value judgements along utilitarian lines of the
greatest good for the greatest number. They can be found in the small as well as
the big. For producers and watchers of sports shows, the need for ‘instant replays’
was obviously real and pressing enough for these devices to be built and sold.) In
August 1965, an MVR unit was used in a CBS football game transmission. The
world witnessed the wonders of an ‘action replay’ for the first time. Two years
later MVR produced a slow motion machine.

RCA introduced a domestic variant of this device which used a physical
system, a stylus, to read the signal on the disk. The method had first been
demonstrated by Telefunken/Decca in 1970 and was, with considerable
hullabaloo, marketed in 1981. By this time, RCA had around $200 million tied
up in this CED videodisk (Graham 1986:26). It only had one good sales point: it
gave a picture of sharper resolution than VCR. However, since this was still
bound by the line standard of the domestic television, such improvement was
not enough to make the device a necessity. Otherwise, the disk did not even
initially deliver stereophonic sound. That the disk could randomly access frames
and alter running speeds, etc. was also of little interest since, within the
culture, that is not, by and large, how audiovisual messages are viewed.' Other
advantages proved just as illusory. Disks were cheaper than pre-recorded
cassettes, but the majority of VCR users, especially during the period the RCA
disk was initially marketed, did not buy pre-recorded cassettes. They rented
them or used the VCR’s recording ability to copy off-air, either ploy making

cassettes cheaper than disks. (The rapid rise of the rental business, especially in
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pornography, in the early 1980s apparently came as a totally unexpected shock
to RCA’s executives (ibid: 214).) RCA persisted with the marketing of its
videodisk, despite a long involvement with videotape, a domestic version of
which they had introduced as a consumer standard in 1969. Finally in the spring
of 1984, having endangered the entire corporation (network operations at NBC
also at this time performing poorly in ratings and profits), and with at most half
a million players sold, RCA gave up.

That RCA should have bet the company by pitting its outmoded physical system
against videotape (and, as we shall now see, the laser disk) is curious. The only
explanation is that, as we have seen, unlike AT&T, RCA did not have a history of
patent sharing. On the contrary, from the moment of its founding it seemed only to
be comfortable if it had a commanding technological position. NTSC colour
television was the last occasion when this had been achieved and it was as if the
corporate mind saw the CED disk as the best hope for regaining such a position; but
the world had changed.

RCA’s CED disk must not be confused with the rival laser disks. These are
virtually indestructible—a life of six centuries without any special storage is
claimed—and are clearly needed if the world’s audiovisual archive is to be
preserved. They also have uses as computer data storage devices for the same
reason. Despite this, laser videodisks were initially marketed like the CED disks;
that is, as redundant alternatives to videotape. Pioneer beat RCA to the stores,
having a laser disk system on sale in the US in time for Christmas 1980. However,
neither the CED nor the laser disk sold. The laser disk, though, was then reborn as
the compact disk or CD, an alternative to the audio long-playing (LP) record and
audio-cassette, as well as a personal computer programme storage device, the CD-
ROM. Philips, working with laser technology as a source of possible computer data
storage applications, had been the first to produce a practical laser-based audiovisual
image storage device when, in 1972, they unveiled the VLP disk. On this the
information was stored in a series of micrometer pits arranged in a spiral pattern
which were read by a laser-generated spot. The disk held up to forty-five minutes’
worth of material (Dummer 1983:198).

The ground of scientific competence that leads to the laser goes back once more
to Dr Young. The experiment establishing the wave hypothesis of light also
demonstrated that certain light sources were coherent—with waves in phase both
temporally and spatially—while others, natural light say, were not. In 1913 Niels
Bohr made an assumption about the nature of atoms which was to impinge most
fruitfully on Young’s observation of coherent light. Atoms exist in a ground—low-
energy—state or can be excited into higher-energy states. They do this by absorbing
one of Einstein’s light particles—photons—of exactly the frequency required to
reach the excited state. Conversely the atom can decay from the excited state into

the ground state by emitting a photon of this frequency. Atoms do this
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spontancously. In 1917 Einstein demonstrated that atoms could be induced to
release photons by the external presence of a photon of the right frequency. The
external photon and the one released by its stimulation would be exactly in phase,
coherent in terms of Young’s experiment. Once begun, the stimulated emission of
photons would be like an avalanche. But a problem arose. As the emitting atoms
decayed they reabsorbed some of the emitted photons and the avalanche petered
out. To prevent this, a ‘population inversion’ is required whereby a greater number
of atoms must be in the excited state than there are atoms in the ground state.

The search for a substance and technique in which this would happen constitutes
the ground of scientific competence for the LASER, Light Amplification by
Simulated Emission of Radiation. The ideation transformation occurs in a seminal
paper, written by Charles Townes and A.L.Schawlow (of Bell Labs) in 1958, which
outlined the general principles and suggested potassium vapour as the substance
(Dummer 1983:157). Townes already knew how to achieve avalanches of emission
but with microwaves, comparatively long invisible wavelengths. In 1951 he and his
colleagues at Columbia built a MASER—AMicrowave Amplification by Simulated
Emission of Radiation—using ammonia. The same year a Russian, Fabrikan, had the
same idea.

All this activity clearly indicates a strong supervening necessity. Masers were of
interest to the telecommunications industry as a means of amplifying very weak
signals, such as those coming from space or passing through a transoceanic cable and
were at the heart of the generation of cables which came on stream in competition
with communication satellites (p. 288). Lasers would be of similar value in a
number of applications. The idea of using light as a carrier, after all, goes back to
Bell’s photophone (upon which he was working as he designed the graphophone)
and the experiments of Alexanderson at GE. Sputnik, by inaugurating the space
race, reinforced the general supervening necessity for all aspects of high technology
created by the cold war and specifically helped lasers—which, like masers, were
potentially useful in space side communications.

Lasers are a device, like the transistor, whose development is said to offer a
contrast between the supposedly serendipitous nature of pre-twentieth-century
innovation and what today’s technologists do. Yet here again the historical
record does not quite sustain this picture. The pace of development up to the
point of ideation was leisurely. Science fiction dreams of death-rays did not
speed them up even during the Second World War and, before the cold war took
on its extraterrestrial aspects, the concept languished. Now, in the ‘invention
phase’, looking for a substance that would allow for laser transition led to a
search, albeit limited by a sophisticated understanding of the atomic structures
of the substances examined, but not too unlike the procedures of the
nineteenth-century ‘amateur inventors’. The gold at the end of this rainbow

turned out to be a ruby and it was identified in 1960 by Theodore Maiman of
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the Hughes Aircraft Company. (Hughes was at the heart of the developing race
to produce a satellite communications system (p. 284).) Bell Labs understood
the potential of rubies for lasers but had abandoned them as being too poor to
give any hope of success and had concentrated instead on gases. Maiman had
persevered with the stone, or rather a synthetic version of it, and in 1960 had
achieved laser action. Once this was done a helium/neon laser was made and in
the years that followed hundreds of different laser transitions were
demonstrated. Four decades had passed since the theoretical possibility of the
device had been determined and the ground of scientific competence laid.
Rubies, of course, had been around a lot longer.

Laser videodisk technology was first released in 1978, by Philips, as a variant for
computer data storage. The disks’ interactive capability was exploited by the US
military for education and training purposes (just as 16mm film had been used forty
years before) and then, widely, as CD-ROMs. At the same time, the disks were
being marketed as an entertainment medium, but, as we have seen, to no great
effect. In 1984, the year RCA abandoned its CED videodisk, Pioneer, its laser disk
rivals, ran an advertising campaign to sell the players which featured, uniquely in a
commercial for a visual device, the blind musicians Ray Charles and George
Shearing, stressing the wonderful sound the system produced. The failure to find a
mass market for the laser videodisk as a consumer durable in some sense has
endangered its survival as an archival tool. Archive requirements are not, of
themselves, a supervening necessity despite the growing awareness, at least in
industrial and academic circles, that the stock of audiovisual images held around the
world is in danger of deteriorating beyond the point where information can be
retrieved. Colour films especially are subject to degradation and it is already the
case that much early imagery has been lost.

The most widely diffused application of the technology has turned out not to be
visual at all. In 1983, Philips, in agreement with Sony (always a suspicious event),
marketed a 5-inch laser videodisk upon which nothing was recorded except sound.
The plan was to have the population which was addicted, in various degrees, to a
mode of musical reproduction, called sterco, jettison this in favour of the new
system, compact disks (CDs),within ten to fifteen years. It worked.

CDs use digital sampling techniques. Beyond analogue amplitude and frequency
modulation, there are a variety of other systems for modulating signals digitally.
These involve converting an analogue signal into a stream of digital data bits. The
resultant pulses can be transmitted by modulating their strength (PAM—Pulse
Amplitude Modulation), their frequency (PIM—Pulse Interval Modulation) or their
length (PDM—Pulse Duration Modulation). The most important of these systems,
however, is Pulse Code Modulation (PCM), developed in the Paris office of IT&T
and patented, in 1938, by A.H.Reeves. In this system the analogue wave-form is

sampled and each discrete level of amplitude is assigned a digital value. This stream
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of values represents a digital encoding of the original signal. The rate at which the
analogue signal has to be sampled depends, of course, on its complexity; but the
mathematical formulae allowing Reeves and his successors to build actual systems to
do this were published in 1928 by Nyquist. All of these various digital modulation
methods have considerable advantages for telephony by enhancing the integrity and
robustness of the signal. Some also allow for the economically efficient bundling of
data-streams to increase the capacity of a system to carry calls. On the other hand,
there was a problem with them: PCM, for example, required thirty times the
bandwidth needed by analogue telephony and this profligacy made it initially
uneconomic until, in the last quarter of the century, effective techniques for
compressing digital signals evolved.

A general point needs to be made in this connection: the digitisation of analogue
electrical signals is at the heart of the concept of ‘convergence’, the idea that all the
machinery of communications is coming together, especially the television and
computer, with profound effects. Convergence is an important element in
Information Age hype. I simply want to point out that the basis of convergence lies
in a body of maths which goes back to the 1920s and was an established technique
which dates from the late 1930s—and therefore antedates the building of the first
digital computers. Again, it might well be the case that digitisation will have the
profound social effects the technicists claim for it—or not. Either way, the pace of
its introduction has scarcely been revolutionary, although it has had significant
impact in specific areas.

For example, the digital CD has been exploited to destroy the analogue LP. The
technology of the long-playing record (LP) dates back to pre-First World War sound
film systems which synchronised gramophones and projectors. However,
comfortable with a business that sold music segmented in 3%- or 5-minute chunks
recorded on easily breakable shellac, the industry did nothing to bring more durable
disks of longer duration to the market. (After all, they had only adopted electric
recording when faced with the competition of radio.) Eventually, in 1948, CBS
broke ranks and introduced the 33% LP. GE followed a year later with the Extended
Play, EP, or 45 rpm. Both these formats depended on the use of a new plastic, vinyl,
which had been developed by CBS in 1944 after the Japanese had interrupted
shellac supplies by invading the Malay peninsular. Vinyl was comparatively
unbreakable but still easily damaged by scratches. It permitted finer grooves to be
pressed thereby increasing the amount of music which could be recorded on a disk.
There is nothing to suggest that this advance was based on new scientific
knowledge.

The record industry was just as slow about sterco. Stercophonic effects had,
apparently, first been demonstrated with telephone loudspeakers in Paris in 1881.
The first stereo movies date from 1940, Disney’s Fantasia following two years later
(Limbacher 1968:225). Stereo disks were pioneered by Alan Blumlein of the EMI
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television research team (Chanan 1995:133). It took the industry a further decade
after the introduction of the LP before it offered the public stereo using Blumlein’s
recording technique (ibid: 93, 134).

This conservatism persisted when Sony and Philips immediately eschewed one
advantage that would accrue from using the developed digital VLP for audio
purposes, to wit the complete recordings of long musical works on a single
platter. Apparently the record industry believes that it and its need for profit, and
not, say, Wagner, should dictate the ‘natural’ package of a piece. The 12 inches of
the LP became the 12 centimetres of the CD and, armed with this device, the
industry set about killing off the LP. In 1984, 800,000 CDs were shipped in
America as opposed to 200 million LPs and 131 million vinyl singles. This was not
surprising: initial sales of CD players, despite the superior sound reproduction
they provided as well as the greater indestructibility of disks, were slow.
Projections were not being met and by 1984 there were fewer than a million
worldwide. In the UK fewer than 30,000 CD players were sold in the first year.
However, cheaper players began to appear in 1985 and sales started to pick up.
The disks’ robustness made the technology attractive to boat and car owners and
the adventurous affluent began to bite the bait. However, to effect (or force) the
change from LPs and singles on the public, the recorded music industry showed
itself to be quite willing to reduce its production of vinyl, despite this slow
takeup. Vinyl was anyway already giving way to cassettes. In the first three years
of the 1980s US production of LPs had fallen from 322 million to 209 million
while cassettes had increased from 110 to 236 million. In that sense, the CD
simply augments the change-over from vinyl already in hand. The difference is
that the rise of the cassette was on the back of the solid success of the player,
culminating in the Sony Walkman, a personal portable stereo which dramatically
altered the practice of listening to recorded music.

The Walkman was a last logical step in a process which had been developing
for the previous two decades and more. The record industry had objected to
tape, which had been introduced in Germany in the early 1930s and was
finally adopted by broadcasters in the early 1950s (p. 266). The delay was
attributable to their well-founded fears about home duplication. On the other
hand, a market was opened up, significantly by an outsider, the aircraft
manufacturer Lear, for portable systems to play pre-recorded material in
cars—the eight-track cassette. This eventually broke through these solid
objections to tape and Sony and Philips agreed a format for the audiocassette,
thereby wiping out the intrusive eight-track. Sony then encouraged this liking
for mobile recorded music in cars with the Walkman, which could be used
anywhere; but it did not need to use industry pre-recorded cassettes. Because
of this, the industry saw its worst fears of tape being realised. Audiocassette

recorders were being manufactured which not only recorded vinyl on to tape
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but also had a second head for copying cassettes. Some industrial opinion held
that each record sold was being copied no less than five times. In Britain the
audio disk business had peaked in 1978. By 1983 sales of singles had fallen by
13 per cent, and LPs by 27 per cent. Significantly, pre-recorded cassette sales
were up by 75 per cent but this increase of 15 million units was not enough to
balance the loss of nearly 32 million LPs and 15 million singles. In this half-
decade, all sectors of the British record industry, which employed some
12,000 people in manufacture, distribution and retail, lost 1000 jobs a year
(Anon 1984:7).

In this situation, the CD, unrecordable in its original form by analogue cassette
machines, represented nothing less than the long-term salvation of the industry
and that was the supervening necessity underlying its development and
introduction. The only problem was that the CD player, by contrast with the
Walkman and despite its superior quality, was selling slowly. By 1990 still only
one US house in five had one. The answer for the industry, cushioned to a certain
extent by pre-recorded audiocassette sales, was to ignore comparative failure and
simply switch from vinyl. Already by 1987 this starving of the LP market was
underway as almost as many CDs as LPs were shipped—102 million to 107
million. By 1995, the change-over had been accomplished. A mere 2.2 million LPs
were pressed but no less than 727 million CDs were sent to the American market.
And cassettes, which had peaked at 450 million units in 1988, were back to their
pre-CD level of some 250 million plus units (Veronhis Suhler 1996:198). Almost
no attention has been paid to this curious history which, on its face, would appear
to be a completely effective manipulation of the market by a few international
communication conglomerates.

A further proof of this manipulation can be found in the curious history of the
suppression of domestic digital audiotape-recording systems in the period
following the introduction of the CD. Almost as soon as CDs were being
marketed, the industry readied itself for another advance, digital audio tape
(DAT). There were no conceptual difficulties in applying digital sampling
techniques to either the audio or video signal and a number of organisations
explored the possibility from the 1960s on. As a recording technique PCM would
permit not only improved reproduction of the original analogue sounds but also
their cloning, rather than copying, once they had been recorded. The Japanese
State Broadcaster, NHK, demonstrated a prototype PCM audiomagnetic tape-
recording machine in 1967. The BBC built one in 1976. In that year though, Sony
linked a digital audio processor to a domestic VCR to create the first home DAT
machine. This was marketed in 1977.

By the turn of the decade there were two separate standards being offered by
Sony and JVC in what many in Japan saw as a potentially harmful rerun of the

Beta vs. VHS war. In June 1983, no less than cighty-four Japanese and foreign
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companies formed a ‘DAT Conference’ specifically to avoid this by agreeing a
standard designed to ‘replace the mainstream of present audio recording’
(Nakajima and Kosaka 1986:407). Agreement was reached in favour of the Sony
concept and machines were supposed to be on the market by 1987 at the latest.
However, the CD strategy had not been considered; so: ‘The conferees... decided
to delay the introduction of DAT so that the CD market could mature’ (Gow
1989:10). The crucial point of DAT was that it would allow for perfect
duplicates—in fact, clones—of CDs to be made. The laborious advantage gained
by forcing the market to move away from analogue sound systems, LPs and
cassettes, would be lost.

The delay to DAT was due to the two firms in the world who had the greatest
spread of interests as both hardware equipment and software CD manufacturers,
Philips and Sony. Key was Philips: ‘Philips had impressed the Japanese companies
with its ability to persuade the European Economic Community (EEC) to impose a
19 per cent tariff on all foreign CD players sold in Europe after 1984’ (Gow
1989:11). The threat to do the same or worse to DAT machines was enough to halt
the introduction of domestic DAT everywhere, except in the professional recording
studio. There Modular Digital Miltitrack (MDM) recorders using videotape formats
and tapeless Digital Audi Workstations (DAWs) were becoming the audio production
norm. Yet, by the mid-1990s, domestic DAT was still to be effectively marketed. To
all intents and purposes, the ‘DAT Conference’ failed in its announced purpose and,
although a Sony vs. JVC battle was avoided, Philips eventually broke ranks and
introduced its own rival system to Sony. On the other hand, the CD market had
indeed ‘matured’. Seldom has there been a clearer exercise of the ‘law’ of
suppression.

Digitisation is also having an effect on the most successful spin-off of the video
cassette spin-off, the camcorder. At the outset, many manufacturers were seduced
into developing and marketing ‘redundant’ videotape formats, looking to overturn
the hegemony established by Sony and JVC. Finding the electronic substitute for the
amateur 8mm movie camera was an especially attractive option. In the 1970s, Akai
marketed a ¥-inch monochrome system to this end which did not survive. Much
more successful was 8mm video introduced by Sony in 1980. In part Sony’s
development of DAT fed into this new format, since PCM required an extremely
high-density recording medium and 8mm recycled this digital audiotape for
analogue video purposes. Thus 8mm, with all its comforting backward-looking
connotations, emerged from an international industry-wide agreement—as the DAT
story again reveals, always a suspicious event—mnot so much as a rival for VHS or an
attempt on Sony’s part to compensate for Beta’s defeat but more as a format for
new applications. As we have seen, 8mm as DAT did not fare too well, but 8mm as
a substitute for 8mm amateur film was a success. Around it, Sony engineers built a

small, battery-driven combined camera and cassette recorder of a size suitable for
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home movie use—the camcorder. But, again, this represents the end of a twenty-
year development period.

From the mid-1960s on the electronics industry began to recycle, as it were,
old black-and-white camera technology for ‘video’ as opposed to ‘television’
purposes. Transistors and integrated circuits made possible the production of
comparatively crude cameras which started to appear as surveillance devices in
the mid-1960s. For example, by 1967, Sperry Rand was selling a sophisticated
closed circuit system which would sound an alarm if anything moved within a
given observed area.

In addition to these small cameras, reel-to-reel black-and-white videotape
recorders, VIRs, had been made smaller by the introduction of helical scanning
systems. First produced by Toshiba in 1959, these slowed tape transport speed by
spinning the recording head as well as recording the information diagonally across
the tape rather than laterally. The picture could be constantly displayed in fast
motion, forwards and backwards or as a still frame. The tape speed and size could
also be reduced. The first non-broadcast helical machines of Ampex and JVC,
introduced in 1962, used 1-inch tape but this was followed by %-inch versions.
Helical scanning became essential to the non-broadcast diffusion of videotape by
corporate users and, a little later, by educationalists first in reel-to-reel machines
like the Sony Portapak, and then, eventually, in the domestic VCRs (Brush and
Brush 1981:15). Small-scale black-and-white studios using crude cameras, basic
video-switching boxes and helical-scan VTR video started to appear in the training
departments of sophisticated commercial organisations as well as in universities and
some schools.

As this was happening, the American cable industry was maturing and a new
radical concept of access to broadcasting was being articulated (Engleman 1990:2—
3). One aspect of this was to lead to the public access television movement which
sought both slots on public television and dedicated cable channels. For the latter,
the same sort of equipment as was already to hand in these non-broadcast corporate
and educational television studios could be used. Then, in 1968 Sony introduced the
‘Portapak’, a portable battery-driven reel-to-reel %-inch helical scan VTR which
weighed about 20 lbs. and to which was attached a black-and-white camera
equipped with a zoom lens. This device fertilised the video access movement and
expanded the video market enormously to embrace a far wider range of institutions,
especially schools. It was, in fact, sufficiently successful to engender a line of ever
smaller camera and recorder units. These quickly came to utilise the cassette
principle, Sony again being the pioneers by introducing a %-inch U-MATIC machine
for non-broadcast video application.

However, reel-to-reel machines and even portable U-MATICS were still too
bulky and expensive for home use; hence the development of 8mm video. By

1984, Sony had established the tiny Betamovie camcorder as a viable consumer
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durable. In that year a large number of manufacturers marketed camcorders and
JVC responded by both building a VHS version of the device and producing a
down-sized VHS cassette to make such machines smaller and therefore more
competitive. This time, despite the fact that the VHS cassette could be played
directly into the home VHS/VCR, Sony maintained its market position. People
did not mind plugging the camcorder into the domestic television for playback
and the fetish of smallness overcame the VHS/VCR advantage. (Amateurs are
apparently unaware that cameras need a certain heft if they are not to be too
casily waved about.) By the mid-1990s, nearly half a million camcorders a year
were being sold in the States but the capture on camcorder of the beating of
Rodney King by Los Angeles police a few years earlier in 1991 really marks the
machine’s coming of age as a fully diffused device. Television shows cheaply
recycling homevideos enjoyed a minor vogue, while the BBC’s experiments in the
same area produced a more significant strand of supposedly non-professional
programme making in Video Diaries.

The next development in the 1990s was to market still video cameras. These
take advantage of a specialised electronic receptor chip, the Charge Couple
Device (CCD), a substitute for the old photo-emissive metallic pick-up. CCDs
were already being introduced into analogue television cameras when the first
prototypes of the professional electronic still camera were seen at the Los
Angeles Olympics in 1984. By 1990 Sony had an amateur version which
displayed its photographs on domestic television. It would seem that
professional uses, where digital image transmission to speed photographs to the
press was anyway coming on stream, would be the likeliest market. Outside the
newspaper industry, though, the digital still camera was making less progress. In
the mid-1990s, it was as yet unable to approach the highest resolutions of
traditional ‘wet-photography’. Nevertheless, despite this patchy pattern of
professional diffusion, such cameras were reformatted for amateurs playing back
their images through personal computers, including the more advanced games
consoles. This piggy-backing use of the PC seemed to work. In 1993, after only
three months, sales of 100,000 ‘Photo-CD’ units were being claimed (Horner
1993:16). By 1996, the price in the UK had fallen from £300 to £100 but the
‘fit” remains dubious. In the culture, photographs exist as hard copies on heavy
paper stocks for frames and wallets. Computer print outs still did not quite
match the old photographic norms. Providing dedicated hard-copy devices is
cumbersome and expensive. The digital still camera had by no means vanquished
the old photographic process which, despite depending on expensive silver
nitrates, still had potential for amateurs.

As for the broader implications of digitising images, it may be noted that as with
digital audio, there is now considerable potential for manipulation to the point

where the value of the photograph as evidence might well come to be questioned.
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Professionals had dedicated computer systems, such as Scitex, specifically designed
for such work (Winston 1995:5).

Finally, uninhibited by the commercial considerations such as those which held
back DAT, the digitising of the electronic moving image had been advancing
inexorably. Camcorders, also equipped with CCDs, as was all professional television
and video equipment, were going digital. Digital camcorders, as small as the
amateur ones but producing an image to complete professional standards, were
coming on stream in the second half of the 1990s. Although expensive by high street
shop standards, as professional devices they were very cheap. These machines
generated a great deal of professional hyperbole with much talk (not for the first
time) of greatly reduced production costs. Such debate ignored, as usual, the other
factors in play—mnotably in this instance the threat and promise of a new high

definition television standard which would be anything but cheap.

REDUNDANCY: 1125-LINEANALOGUETELEVISION

The digitisation of broadcast television has two main aspects. On the one hand it can
vastly increase the number of available terrestrial and satellite channels because of
compression techniques which overcome the profligacy of PCM; on the other hand,
it can be made the basis for an enhanced and expanded television standard, yielding
a wider picture with the equivalent of double the range of lines produced by the
original standards but a reduced increase in the number of channels. These two
outcomes have been confused with each other and with a rival proposal for a new
analogue standard, a true redundancy.

World television standards were fixed, as we have seen, by the mid-1950s and,
although some later variants in line numbers and colour systems have been
introduced since then, in essence almost all countries have either 525 or 625 lines
and one of three colour systems, American, German or French. Just as the
Americans found that 6.5 megahertz would accommodate more than the 400-plus
lines originally envisaged, the Europeans further discovered that another 100 lines,
and more in fact, would fit in too. Hence 625. Other standards, the revived London
one of 405 lines, for example, were abandoned with the coming of colour.

All of these changes, however, were compatible so that the majority of the
audience continued to be served on their old receivers. The earliest diffused colour
system had established this precedent. American engineering opinion in 1941,
perhaps influenced by the incompatibility of FM radio to AM, had not thought that
colour/black-and-white compatibility would be possible, but this proved to be
wrong. With the introduction of the NTSC colour standard, an expectation was
established that all advances would be compatible. Compatibility became a political
and cultural necessity. Of itself, this worked as a very strong brake and for thirty
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years there was no serious discussion about fundamental revisions of the standards.
Other alterations, for example, the move in Britain from the original London
Standard to 625, were accomplished by long change-over periods with dual
transmission and double-standard sets.

But then in the 1980s there was a push from Japan to move from 525/625 lines,
initially the electronic analogue of the 16mm film image, to 1125 lines which would
duplicate 35mm. Those arguing for this change wanted it both to become a world
standard for television and also to replace 35mm in the film studios. They managed
to achieve neither ambition. Although offering a clearly superior picture to the
contemporary television signal, the failure of this spin-off technology to establish
itself makes it, in terms of the model, a redundancy.

The high definition television system (HDTV) proposed in the early 1980s
was, electronically speaking, much like everyday North American or Japanese
NTSC television. The major and significant differences lay in the number of lines
scanned to make the picture and the shape, the aspect ratio, of the screen. Instead
of the current US standard of 525 lines and a 4:3 screen, the Japanese
demonstrated a system with 1125 lines and a Cinemascope-style screen of 5:3
ratio. The R&D for this proposal had began in 1968 and had been funded by
Japanese television licence payers. The Japanese state broadcaster, NHK, wanted
to develop a television signal which would match the image resolution of 35mm
film, i.e. 1000 lines or one million pixels (Fink 1955:283, Table II). Creating a
picture with this number of lines required little ideation and less invention. All
the pioneers understood the relationship between image resolution, lines and
bandwidth, and, from time to time, prototypes had been built or proposed which
strived for 35mm quality and therefore produced 1000 lines or so. There are
references to 1000-line systems from 1944 on (Boddy 1990:42; Anon 1945:56)
and in 1952 Philips produced a black-and-white camera capable of this level of
resolution. For closed circuit, largely medical imaging applications the SMPTE
had agreed a 1023-line standard in 1969.

But all engineers understood that delivering a signal of this complexity to the
home would require a great deal of bandwidth—which was unavailable because the
spectrum was already assigned. Not only that, it would not be possible to double the
lines, inevitably increasing the band width, and maintain compatibility between the
old and the new signals. So these options, while well understood, were not pursued
for transmission purposes (Sandbank and Moffat 1983:552). Anyway, who was
complaining about the quality of the picture? Certainly far fewer people than those
objecting to the programme content. The supervening necessity driving NHK was a
tradition of using technological advances such as colour and alphanumeric screen-
writing (teletext) as bargaining chips in its periodic renegotiations of the domestic
television licence fee level with the Japanese government. In this context, novelty

was more important than compatibility.
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In 1979, NHK tested the system in a home delivery mode using the Gigahertz
(GHz) band, which accommodates thousands rather than hundreds of millions of
cycles per second. The signals were transmitted via an experimental satellite sending
to a 1.6 meter receiving dish (Ishida et al. 1982:165-71). This was the analogue
HDTV ‘invention’.” Two years later, Sony (which with other companies had been
co-opted into the NHK R&D programme) was ready to market the system as a new
production method offering 35mm quality at 16mm prices but its efforts were not
helped by NHK’s emerging desire to go beyond the original research mandate and
offer the technology as a transmission standard for the whole world. This was because
such a proposal provoked considerable overt resistance on compatibility grounds. To
have implemented the NHK scheme would have meant, in the face of no public
demand, total upheaval and huge expense, primarily benefiting the Japanese patent
holders.

At the obscure international meetings where such things are decided, a
concerted campaign against NHK’s 1125-line HDTV developed. At first Neuerungs-
freundigkeit, that love of new things which is a crucial mark of Western culture,
appeared to triumph. 1125—HDTYV pictures were after all a breathtaking
improvement on the current technology. But the law of suppression was at work.
The pictures were not so breathtaking as to be instantly adopted and, by 1986, the
proposal was put on permanent hold. Beyond the compatibility problem, the final
factor suppressing this technology involved stressing alternatives; in fact, proposing
a quite different ‘invention’—digital high definition. As we have seen, digitisation
had been understood as an option for the modulation of electronic signals from the
1920s and for many television engineers the prospect of digital signal sampling
suggested that the NHK analogue research agenda was very much beside the point.

Already in the 1970s work was underway to agree sampling standards and digital
techniques were having their effects, especially special effects. After the NHK
intervention, the possibilities of digital became even more attractive because,
although digital high definition also required large bandwidths, such signals could be
more easily compressed than could analogue ones. Furthermore, digital offered
casier options for progressive scanning, a sharper alternative to Zworykin’s
interlaced raster (Wilmotte 1976:73-80). A dedicated chip, a frame store, could
hold a frame, wait for the next and display both together. This would create a
progressive scanned picture of 1050 lines at no bandwidth cost. A number of
variations of this were proposed and developed. Another idea was to adapt an
existing satellite transmission system, Multiplexed Analogue Component (MAC), for
high definition purposes. In this system, the current analogue signal is broken down
into its component elements, compressed and transmitted in bursts—a bit of
chrominance, a bit of sound, a bit of luminance, a bit of chrominance and so on. A
‘smart’ set reassembles the picture (Arlen et al. 1987:25-8). Again a number of

variations were outlined. Beyond all this, there were, and are, further suggestions
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involving signal folding, other types of computer-aided processing and filtering
(Jurgen 1989:26-30).

Prototypes along many of these lines followed. Indeed, they so effectively killed
off 1125/60 30 MHz NTSC that the very service it was designed for, which NHK
began experimentally in 1989, itself used a variant on MAC technology. But the
world as a whole was still without a widely diffused high definition system despite
the fact that many versions of the ‘invention’ now existed and many obey the prime
requirement for compatibility. This speaks not just the power of the ‘law’ of
suppression but also to the need for a supervening social necessity. Those who in the
early 1980s pronounced that the NHK system ‘had brought high-definition
television within the grasp of the consumer by 1986’ have been simply proved
wrong (Anon 1981:29). The NHK team, in many of their technical papers, wrote
about ‘the needs of a post industrial society’,’ a concept they nowhere elaborated.
In fact, there were no such needs when the work started and they have yet to
manifest themselves clearly. Even in Japan in 1995, four years after the
experimental service became a permanent one marketed as ‘Hi-Vision’, only
20,000 sets at $7500 each had been sold—exactly the same level of penetration as
that achieved by 1930s” ‘high definition’ television in Britain up to 1939.
Meanwhile, in a classic example of making the best of a bad job, Sony started
marketing wide-screen domestic television receivers. These were a species of faked
HDTYV in that there were ordinary analogue sets using a chip to expand and crop
the image. By 1995 they had sold three million in Japan. The company’s attempt to
substitute 1125—HDTYV video for 35mm film foundered (although the film
industry increasingly used conventional video and computing electronics especially
in post-production).

There can be little doubt that the basic television standard will change in the
coming decades. I am certain that when the change-over begins to happen in
carnest, the hype at that time will suggest that it is the result of rapid, uncontrolled
technological developments; yet, as we have seen, the process began in 1969 and its
disruptive power has been, and is being, contained. It is likely that, as usual, this
transformation of ‘the shining centre of every home’ will take about half a century
to work through. And when it happens, the new standard will be digital not
analogue (p. 301).
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PART III

INVENTIONS FOR
CASTING UP SUMS VERY
PRETTY?*

* ‘but not very useful’: Samuel Pepys Diary, 14 March 1668.






8

MECHANISING CALCULATION

SCIENTIFIC COMPETENCE I: ‘THINKING MACHINES’

The idea that ‘inventions’ are actually more matters of system engineering than of
curcka breakthroughs and of slow adoption rather than sudden ubiquitousness has
been a central contention of this book; but, at first sight, it seems singularly
inappropriate to the history of the most radical, the most revolutionary of all the
technologies here considered—the computer. How can the pattern of available
technology, delay and constraint established above, be meshed with the sudden
arrival of computing in every corner of our lives? The answer is that the
misperception which saw television as an explosive newcomer in the 1950s has been
at work again with the computer. The received history of the computer selectively
downplays the lateness of its development and the comparative slowness of its

diffusion.

As is now realised, we had the technical capability to build relay,
electromechanical, and even electronic calculating devices long before
they came into being. I think one can conjecture when looking through
Babbage’s papers, or even at the Jacquard loom, that we had the
technical ability to do calculations with some motive power like steam.
The realisation of this capability was not dependent on technology as
much as it was on the existing pressures (or lack of them), and an
environment in which these needs could be sympathetically brought to
some level of realisation.

(Tropp 1980:119)

Thus Henry Tropp, the Smithsonian’s historian of the computer pioneers, secks
what in this book is termed a supervening necessity. Moreover, the conformity of
the computer’s beginnings to the model are repeated in the pattern of its diffusion.

The ‘law’ of the suppression of radical potential operated to delay various stages of
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development for significant periods, exactly as the schema would suggest and, above
all, diverted research effort away from the small desktop device that represents the
full radical potential of the computer.

The computer—machine ratiocinatrix—is, in terms of the philosophical
underpinnings of our culture for these last three centuries, an unthinkable
instrument. It offends, fundamentally, the Cartesian duopoly of mind and matter.
Boyle speaks for all the West when he claims ‘engines endowed with wills’ are men
and cannot be anything else—not even, in those years, other animals (Burtt 1967
113—4). Although from the first, objections were raised to this dichotomy and
although much of Descartes’ view (that the pineal gland was the seat of the mind,
for instance) has long since collapsed, it is still to a large extent true that ‘Nulla
nunc celebrior clamorosiorque secta quam Cartesinorum’ (Hazard 1964:157). Certainly
the arguments around artificial intelligence are cast in terms which Descartes and
his ‘school” would have no trouble in comprehending.

These same seventeenth-century savants were also intent on enshrining
mathematics as the ‘queen’ of all sciences and the clearest evidence available of the
glory of God’s creation. The dominance of the empiric scientific method which
began in this period stressed observation and measure and thereby, to a degree,
encouraged the production of calculating devices both mental and physical. This
work was enormously aided by the appearance of printed tables, freed from the
inevitability of scribal error and capable, through repeated editions, of
incorporating corrections (Eisenstein 1983:22). All this led to a tradition of
contradictory attitudes to machines that ‘think’: Western scientism, it can be
claimed, requires on the one hand calculators while, on the other, philosophically
denying the possibility of what are today described as computers.

Crucial, then, in developing the ground of scientific competence for the
computer is the removal of the mental roadblock against the machina ratiocinatrix
erected during the seventeenth century. This, despite some earlier musing and
theorising, finally occurred in pure mathematics in 1936,

Alan Turing was a scion of empire, the son of an Imperial civil servant and, as
such, doomed to a Kiplingesque round of English foster homes, somewhat
reduced in term by his father’s early retirement. (He numbered Stoney of the
‘electron’ among his forebears.) After Sherborne, he went up to King’s College,
Cambridge where he studied under Max Newman. Following a brilliant
undergraduate career, Turing was elected fellow, at the age of 22, in 1935. In
1936 he published a paper ‘On Computable Numbers, with an application to the
Entscheidungsproblem’ which dealt, elegantly, with the Cartesian obstruction
(Turing, 1936/1937:230-65/ 544-6).

The agenda Turing addressed was at the heart of advanced pure mathematics. By
the late nineteenth century, in the wake of the creation of non-Euclidean geometries

(among other developments), mathematicians were becoming, for the first time
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since the Greeks, increasingly concerned about the consistency of the axiomatic

systems they used.

[TThe creation of non-Euclidean geometry had forced the realisation
that mathematics is man-made and describes only approximately what
happens in the world. The description is remarkably successful, but it is
not the truth in the sense of representing the inherent structure of the
universe and therefore not necessarily consistent.... Every axiom
system contains undefined terms whose properties are specified only by
the axioms. The meaning of these terms is not fixed, even though
intuitively we have numbers or points or lines in mind.

(Kline 1980:192)

It was against this background that Bertrand Russell coined his famous epigram:
‘Pure mathematics is the subject in which we do not know what we are talking
about, or whether what we are saying is true’ (Nagel and Newman 1958:13).

Despite this there were those, led by David Hilbert, the greatest mathematician
of his generation, who in the early decades of the twentieth century insisted on the
primacy of the axiomatic method. But against their assertions stood, ever more
starkly in relief, a set of highly technical problems which can perhaps be most
simply instanced by drawing ‘the cork out of an old conundrum’ namely the ancient
‘liar paradox’. This paradox can be classically expressed in the sentence, ‘This
sentence is false’. For twentieth-century mathematics, dealing with mathematical
equivalents of the ‘liar paradox’ meant confronting the problem of consistency
across an increasing range of topics. At first, although at the cost of developing a
variety of methods and schools, many of the paradoxes or antinomies (strictly—
contradictions in law) were resolved; as, for example, in the system proposed in
Whitehead and Russell’s Principia Mathematica. Because of this work, well into the
1920s, Hilbert continued to assert: ‘that every mathematical problem can be solved.
We are all convinced of that’ (Kline 1980:261).

In 1931, his time-honoured approach sustained the most telling attack yet. It was
contained in a paper by the Kurt Godel—‘On Formally Undecidable Propositions of
Principia Mathematica and other systems’. In this Godel demonstrated that it was
impossible to give proof of the consistency of a mathematical system

‘comprehensive enough to contain the whole of arithmetic’:

Godel’s second main conclusion is even more surprising and
revolutionary, because it demonstrates a fundamental limitation in the
power of the axiomatic method. Godel showed that Principia, or any
other system within which arithmetic can be developed, is essentially

incomplete. In other words, given any consistent set of arithmetical
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axioms, there are true arithmetical statements that cannot be derived
from the set.

(Nagel and Newman 1958:58; emphasis italics in original)

Godel’s incompleteness theorem highlighted a number of subsidiary problems,
chief among them, from our point of view, the question of decidability. If there
were now mathematical assertions that could be neither proved nor disproved,
how can one determine effective procedures in such cases? This was the
decidability or decision problem—das Entscheidungsproblem. Just as Hilbert had
declared that mathematical systems had to be consistent and complete, so too had
he insisted upon the discovery of effective procedure as a necessary part of
mathematics. Godel’s attack on consistency and completeness rendered the
decidability problem moot.

It was Turing, five years later, who dealt with das Entscheidungsproblem. Turing
had been struck by a phrase in a lecture of Newman’s where Hilbert’s
suggestion that any mathematical problem must be solvable by a fixed and
definitive process was glossed by Newman as ‘a purely mechanical process’.
Turing, in his paper, found a problem that could not be so decided, i.e. solved—
in Turing’s language ‘computed’. It involved an artificial construct known as the
Cantor diagonal argument whereby ‘irrational numbers’ could be created.
(Cantor was one of those nineteenth-century mathematicians whose work set
the stage for the crisis in axiomatic methods.) To dispose of the decidability
problem, Turing constructed a mental picture of a machine, a conceit, and
demonstrated that it could not compute certain numbers. Therefore there were
mathematical problems which were not decidable; but, Turing wrote, ‘It is
possible to invent a machine which can be used to compute any computable
sequence’ (Turing 1936:241; emphasis added).

Because of this conceit of a machine, ‘On Computable Numbers’ had, beyond
its immediate significance in pure maths, broader implications. Turing’s proof
involved imagining a machine which read, wrote, scanned and ‘remembered’
binary numbers inscribed on a unidimensional tape. It might not be able to
compute the irrational numbers of Cantor’s trick but it could, in theory, deal
with a vast range of other computations. The very disposal of Hilbert’s problem
required no less. Turing had conceived of a tremendously powerful tool. He was
not overstating the case when he christened it (in homage to the nineteenth-
century pioneer Babbage) a ‘universal engine’. Of course, he had no intention of
building such a machine. Later it would be said of him—perhaps unfairly in the
light of his wartime experience as a practical electronics engineer—that although
‘He was intrigued by devices of every kind, whether abstract or concrete—his
friends thought it would be better if he kept to the abstract devices’ (Randell
1980:78). In Cambridge in 1936 he was still concerned only with the abstract.
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When he wrote ‘computer’, he meant, as did all his contemporaries, a person

who performs computations:

The behaviour of the computer at any moment is determined by the
symbols which he is observing, and his ‘state of mind’ at that moment.
We may suppose that there is a bound B to the number of symbols or
squares which the computer can observe at any one moment. If he
wishes to observe more, he must use successive observations... Let us
imagine operations performed by the computer to be split up into
‘simple operations’ which are so elementary that it is not easy to
imagine them further divided. Every such operation consists of some
change in the physical system consisting of the computer and his tape.

(Turing 1936:250)

The human computer and his tape were to become the machine computer and its
program. “To each state of mind of the computer corresponds a. . .configuration of

the machine’ (Turing 1936:250). It was to be a machina ratiocinatrix:

His argument held out the possibility of building an actual machine to do
all the work that can be done by any human computer; and he extended
the same model to provide a new analytic account of states of mind and
mental operations. At their intellectual or rational core (which was a
central preoccupation of René Descartes’ arguments) all such states and
operations rested on the kinds of procedures that his universal machine
could in principle perform; and, from this insight...very general
conclusions followed. First, the idea of a ‘thinking machine’, which the
seventeenth-century philosophers had regarded as a contradiction in
terms, was now after all an admissible idea.

(Toumlin 1984:3)

Of course, with mathematicians all over the world attempting the
Entscheidungsproblem, it was almost inevitable that Turing would have competitors. In
mid-April 1936 he presented his paper to Newman in Cambridge. On 15 April,
Alonzo Church of Princeton sent away his demonstration of a different unsolvable
proposition for publication. Church’s solution was close enough to require
Newman’s intervention on Turing’s behalf to ensure that the younger man’s work
could be published. Turing equated Church’s idea of ‘effective calculability’ with his
own notion of ‘computability’ and offered, in an Appendix to ‘On Computable
Numbers’, a proof of their equivalency, admitting Church had reached ‘similar
conclusions’ about the Entscheidungsproblem (Turing 1936:231).

In October 1936, Emil Post, a mathematician at the City University of New
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York, submitted a paper to Church suggesting a mechanical device—a
‘worker’—for demonstrating Church’s proposition along lines close to, but less
ambitious than Turing’s ‘universal machine’ (Post 1936:103—4). Post nowhere
mentioned ‘states of mind’. Church, in a footnote to Post’s paper, wrote: ‘The
reader should compare an article by A.M.Turing, On computable numbers, shortly
forthcoming in the Proceedings of the London Mathematical Society.” In a subsequent
comment he went further, acknowledging the power of Turing’s approach by
coining the phrase “Turing machine’ (or now, ‘turing machine’) as a synonym
for ‘universal machine’.

These men stand in a line of mathematical logicians traceable back to the self-
taught nineteenth-century English savant, George Boole. In 1854, Boole faulted the
Cartesian foundation by demonstrating that logics can be expressed algebraically.

Boole’s investigation was designed to explicate

the fundamental laws of those operations of the mind by which reason
is performed; to give expression to them in the symbolic language of a
Calculus, and upon this foundation to establish the science of Logic....
There is not only a close analogy between the operations of the mind in
general reasoning and its operations in the particular science of
Algebra, but there is to a considerable extent an exact agreement in the
laws by which the two classes of operations are conducted.

(Goldstine 1972:32)

Turing, as a child at prep school, complained that his first arithmetic master gave
‘quite a false impression of what is meant by x’, presumably because he did not
sufficiently indicate Boolean possibilities (Hodges 1983:11). For most of us the xs
and ys of elementary algebra ‘stand for’ unknown numbers, which was after all what
Frangois Vieta, the seventeenth-century mathematician who introduced them,
intended; for the pure mathematician, though, these letters can be manipulated to
symbolise the entire world of mind and matter. ‘Pure mathematics were
discovered’, states Russell, ‘by George Boole in his work published in 1854°.

The most powerful of Boole’s concepts, so far as the scientific competency
needed for the computer is concerned, is a ‘special law to which the symbols of
quantity are not subject’: ‘this law in effect is that x¥’=x for every x in his [Boole’s]
system. Now in numerical terms this equation or law has as its only solution 0 and
1. This is why the binary system plays so vital a part in modern computers: their
logical parts are in effect carrying out binary operations’ (Goldstine 1972:37).
Boole’s law turns on the use of a binary system of notation which, although arguably
the most primitive conceivable such system, dates in its modern mathematical form
to Bacon and to Leibniz, the latter using it for—among other things—the creation

of a mathematical proof of the existence of God. Boolean algebra, by reducing
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certain types of thought to a series of on/off states, is the means by which a Turing
machine can be said to ‘think’, make judgements and learn. That Boole and all the
other pure mathematicians, including Turing before the end of the Second World
War, built no such machines does not detract from their centrality in preparing the
ground of scientific competence which could be transformed by technology into the
computer.

In the third decade of the twentieth century there was much going on in
mathematics which would help to translate activities popularly considered as
uniquely human into forms that would be ‘machine readable’, if any such machines
had existed. In 1938 Claude Shannon, whom Turing was to meet during a wartime
visit to the United States, published his MIT master’s thesis, ‘A Symbolic Analysis of
Relay and Switching Circuits’ in which the insights of Boolean algebra were applied
to telephone exchange circuit analysis (Shannon 1938:713-34). This produced a
mathematisation of information which not only had immediate practical applications
for his future employers, Bell Labs, but also plumbed another part of modern
computer science’s foundations. Information Theory, as Shannon’s work is called,
defines information as the informational content of signals abstracted from all
specific human information. It concerns not the question, ‘what sort of
information?’ but rather, ‘how much information?’ (Cherry 1961:168). ‘The word
information, in this theory, is used in a special sense that must not be confused with
its ordinary usage. In particular, information must not be confused with meaning’
(Weaver and Shannon 1949:11).

In a telephone exchange, design requirements dictate that there be less
concern about the content of messages than with the accuracy with which the
system will relay them. Information becomes reified, quantifiable so that it can be
treated as a measure of the probability or uncertainty of a symbol or set of
symbols. By how much does the transmitter’s message reduce uncertainty in the
receiver? By that much can the informational content of the message be measured
and capacity of the channel of communication be determined. Say we were
awaiting the result of a race between four horses which would be signalled to us
by flag—the code, as is necessary in any information system, having been
previously agreed between transmitter and receiver. The waving of two different-
coloured flags would suffice to convey the information. (Horse 1, red/red; horse
2, red/blue, etc.) In an eight-horse race the same two flags could be used but
cach horse would require three waves. (Horse 1, red/red/red; horse 2, red/red/
blue, etc.) Each wave of the flag is a binary digit, a bit—red being, let us say, the
equivalent of ‘17 or ‘on’ and blue being ‘0" or ‘off’. The four-horse race requires
a channel with a two-bit capacity, the eight-horse race requires three bits. Sixteen
horses would require four waves or bits and so on. Each wave, each transmission
of a bit, reduces our uncertainty as to the outcome of the race. The ‘bound B to

the number of symbols or squares which the computer can observe at any
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moment’ (of which Turing wrote) can be expressed as the capacity of the
computer, human or mechanical, to address a discrete number of bits.

The quantification of information in Information Theory parallels and perhaps
determines the reification of information which is so crucial a part of the
‘Information Revolution’; that is to say, the rhetorical thrust which has the
production of information in so-called ‘post-industrial societies’” substituting for the
production of physical goods depends upon such reification. It allows people to be
comfortable with the somewhat curious notion that we can survive by making
‘information’ instead of producing things.

The implication of all this work in the 1930s at the outer edges of advanced
mathematics was not immediately apparent even to those most able to grasp it, the
mathematical community. Pure mathematical logic was so pure that few human
activities could be considered further from putting the bread on anybody’s table.

But many were to get rich at Turing’s feast, once they understood him:

To illustrate the difficulty of deciding when something is really
understood, consider that many mathematicians have the experience of
knowing a theorem and a proof for several years and then suddenly
‘understanding’ the theorem in a new way...

The example 1 shall take to illustrate the difficulty of measuring
when an idea was first understood is the idea of the computer as a
symbol manipulator rather than as a number cruncher. This was in a
sense one of the decisive steps in the history of computing.... One
could claim that Turing, when he proved that the universal computing
machine could do anything any computer could do, must have
understood the idea that computers are symbol-manipulating machines.

(Hamming 1980:7)

Here then is the importance of ‘On computable numbers’. By moving from
number-cruncher to symbol-manipulator, Turing threw the first plank across the
Cartesian chasm between human being and machine. The thinking of those who
were to design the first computers broadened and strengthened this bridge.

John von Neumann, a student of Hilbert’s and mentor of Turing’s, was one of
the fathers of the American computer and a mathematician of enormous range—
from game theory to nuclear devices—who dominated the field in the first decade
after the war. He wrote, in ‘First Draft of A Report on the EDVAC’, the document
that contains the original master-plan for the modern computer: ‘Every digital
computing device contains certain relay-like elements, with discrete equilibria.... It
is worth mentioning, that the neurons of the higher animals are definitely elements
in the above sense. They have all-or-none character, that is two states: Quiescent and

excited’” (Neumann 1945:359-60). The seductivenes